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Abstract 
P r ev i ou s  r e s e a r c h  a t  t h e  Haye s S i t e ( 4 0 ML 1 39 ) 
p romp t ed an i nves t i g a t i on o f  wh i t e - t a i l ed d e e r  rema i n s  
f rom t he s i t e .  An eva l ua t i on o f  ag i ng t e c hn i qu e s  reve a l ed 
t ha t  t he d en t a l  c r own he i gh t  mea s u r emen t t ec hn i que i s  t he 
b e s t me t hod fo r ag i ng wh i t e - t a i l ed d ee r . A reg r e s s i on 
f o rmu l a  was d eve l o ped w i t h  a k nown - age s amp l e  o f  
M i s s i s s i p p i  wh i t e - t a i l ed d ee r . An i nv e s t i ga t i on o f  
mo r t a l i ty p ro f i l e  i n t e rp re t a t i on s  d e f i ne s  a t t r i t i on a l , 
l iv i n g - s t ru c t u re , and p r i me - dom i n a t e d  mo r t a l i t y p r o f i l e s . 
The m o r t a l i ty p r o f i l e  i n t e rp re t a t i on s  a re u s e d  t o  d e f i n e  
s e a s o na l i t y and hun t i n g  i n t en s i t y f o r  t he wh i t e - t a i l e d 
d e e r  f rom t he Haye s s i t e .  A mod i f i e d i t e r a t e d  age l eng t h  
k e y  i s  u sed t o  d e r i v e  mo r t a l i ty p ro f i l e s . Res u l t s  f o r  
hun t i ng i n t en s i t y i nd i ca t e  t he mo r t a l i t y p r o f i l e s 
c o n s i s t ed p r ima r i l y o f  s u b - adu l t s , w i t h  no d i f f e r en c e s  
b e t ween e a r l y M i d d l e , l a t e  M i d d l e  a n d  La t e  A r c ha i c  pe r i od 
o c c u pa t i on s . Re s u l t s  fo r s ea s ona l i t y i nd i ca t e  s u b - adu l t  
dee r we r e  k i l l ed p r i ma r i l y  i n  t he Fa l l  and W i n t e r  f o r  t he 
l a t e  M i d d l e  and La t e  A r c ha i c  pe r i o d s , and i n  t he Fa l l  f o r  
t he e a r l y  M i d d l e  A r c ha i c  pe r i od . The s e  r e su l t s  s u g ge s t  
s e a s ona l cu l l i ng o f  d ee r , w i t h  s pec i a l  s e l ec t i on o f  s u b­
adu l t  wh i t e - t a i l ed d ee r , was t he hun t i ng adap t a t i on 
u t i l i z ed a t  t he Haye s s i t e . 
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Chapter 1: 
Introduction 
S he l l  m i ddens accumu l a t e  f r om yea r s  o f  p re h i s t o r i c  
human occupa t i on ,  and t he a rc haeo l o g i c a l  r e c o rd f rom t h e s e  
m i d dens c a n  become q u i t e  comp l i c a t ed . The Hayes s i t e , an 
A r c ha i c  pe r i od s i t e l oc a t ed i n  M i d d l e  Tennes s e e , i s  one 
such m i d d e n . Resu l t i ng f r om ove r 2 , 0 0 0  yea r s  o f  
i n t e rm i t t e n t  occupa t i on , t h i s  s i t e  h a s  s u p p l i ed t he s i s  and 
d i s s e r t a t i o n  ma t e r i a l  for ha l f  a dozen Un i ve r s i t y  o f  
Tenne s s ee g radua t e  s t u d en t s . Th i s  t h e s i s  a t t emp t s  t o  
ex p l a i n  t he hun t i ng p a t t e rn s  o f  p reh i s t o r i c  hun t e r -
g a t h e r e r s  occupy i ng t h e  Hayes s i t e b y  u s i ng wh i t e - t a i l ed 
d e e r  ( Odoco i l eu s  v i rg i n i anu s ) mo r t a l i t y p r o f i l e s . 
Th i s  t he s i s  focu s e s  on wh i t e - t a i l ed d e e r due t o  i t s  
impo r t ance a s  a p r o t e i n  s ou rc e  f o r  p re h i s t o r i c  Ea s t e rn 
No r t h  Ame r i can I nd i an s  ( McDona l d  1 9 8 4 ) . Howeve r ,  d e s p i t e  
t he impo r t ance o f  wh i t e - t a i l ed d e e r  i n  hun t e r - ga t h e r e r  
e c onom i e s , l i t t l e r e s ea r c h  h a s  been conduc t e d  o n  t he i r  
mo r t a l i t y p ro f i l e s . I t  i s  g e n e r a l l y a s s umed t ha t  hun t e r -
g a t h e r e r s  p r oduce p a t t e rn s  i n  wh i t e - t a i l e d  d e e r  mo r t a l i ty 
w i t h  a p redom i nance o f  p r i m e - aged adu l t s  ( S t i ne r  1 9 9 1 ) .  
The r e f o r e , i t  i s  i mpo r t a n t  t o  d e t e rm i ne t he ages o f  d e e r  
ac t ua l l y be i ng hun t ed i n  p r eh i s t o r i c  econom i e s . 
I n  o rd e r  to  d o  t h i s  p rope r l y , t h i s  t he s i s  p l ac e s  t h e  
Hayes s i t e i n t o  con t e x t  t h rough s eve r a l  l i t e ra t u re 
r ev i ews . F i r s t , ag i ng t ec h n i ques a r e  e x am i ned t o  
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d e t e rm i ne t he mo s t  re l i a b l e  and rep l i c a b l e  me t hod . 
Second , i n t e r p re t a t i on s  o f  an i m a l  mo r t a l i t y p r o f i l e s  a re 
e x am i ned . T h i rd , t re n d s  and t rad i t i on s  i n  s he l l  m i d d e n  
e x c ava t i on s  a r e  eva l u a t ed t o  unde r s t an d  how t he Haye s s i t e 
f i t s i n  w i t h  o t he r s he l l  m i d d e n  r e s e a rch . The s e  t h ree 
t o p i c s  l ead t o  r e su l t s  f rom cons t ru c t i n g m o r t a l i t y 
p r o f i l e s f o r  t he Hayes s i t e occupa t i on s , and a d i s c u s s i on 
of  wha t t h e s e  r e s u l t s  i nd i c a t e . 
Chap t e r  I I  o f  t h i s  t he s i s  deve l op s  an ag i ng t ec h n i q u e  
t o  b e  u s e d  w i t h  t he wh i t e - t a i l ed d e e r rema i n s f rom t he 
Hayes s i t e . I n  pa r t i cu l a r , an a t t emp t has b e e n  made t o  
a g e  t he wh i t e - t a i l ed d e e r  w i t h  den t a l  ag i ng c r i t e r i a . 
Den t a l  ag i ng c r i t e r i a  have b e e n  a maj o r  p a r t  o f  
zooa r c haeo l o g i c a l  s t u d i e s  and a re u s e d  t o  age a va r i e t y  o f  
an i ma l s  s u c h  a s  p i g s , c a t t l e ,  goa t s , sheep , h o r s e s , 
g a z e l l e s  and d ee r  ( K l e i n  and C r uz - U r i be 1 9 8 4 ) . Seve r a l  
t e chn i qu e s  f o r  ag i ng t he s e  a n i ma l s  have been d eve l oped , 
and t he re i s  o f t en g re a t  d e b a t e  ove r wh i c h i s  t he b e s t  
me t ho d  f o r  ag i ng ( s ee K l e i n  e t  a l . 1 9 8 1 ) .  Ages f rom t e e t h  
c a n  b e  d e r i ved f rom t oo t h  wea r  and e ru p t i on p a t t e r n s , 
c emen t um annu l i a n a l y s i s , and c rown he i g h t  measu remen t s . 
Deve l op i n g  an ag i ng t echn i qu e  f o r  p r e h i s t o r i c  wh i t e ­
t a i l ed d e e r requ i red t he e x am i na t i on o f  a mode r n  
popu l a t i on o f  known - a ge d e e r t o  d e t e rm i ne t h e  accu racy o f  
t he t e c hn i qu e . P re l im i na ry s t u d i e s  we r e  cond u c t ed w i t h  
mod e rn wh i t e - t a i l ed d e e r  aged w i t h  t oo t h  we a r  and 
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rep l acemen t . A k nown - age s amp l e  o f  M i s s i s s i pp i wh i t e ­
t a i l ed d e e r was u s e d  a s  t he r e f e rence s amp l e  f o r  t h i s  
s t udy . The M i s s i s s ipp i s amp l e  cons i s t e d  o f  ove r 1 0 0 
i nd i v id ua l s , o f  bo t h  c ap t i ve and w i l d  d ee r . 
Chap t e r  I I I  exam i ne s  mo r t a l i t y p r o f i l e  
i n t e rp r e t a t i on s  i n  w i l d l i fe b i o l ogy and zooa r c haeo l o gy 
l i t e r a t u re . Mo r t a l i t y p r o f i l e s  have b e e n  u s e d  i n  w i l d l i fe 
manageme n t t o  d e t e rm i ne t he v i ab i l i t y o f  a popu l a t i on . 
Techn i qu e s  u s e d  i n  w i l d l i fe b i o l ogy can a l s o  be u s ed t o  
i n t e rp re t  mo r t a l i t y p r o f i l e s  o f  p r eh i s t o r i c  wh i t e - t a i l ed 
d ee r . I n  zooa rchaeo l ogy , dec i phe r i n g  t he mo r t a l i t y 
p ro f i l e  can l ead t o  conc l u s i on s  abou t p reh i s t o r i c  behav i o r  
s u c h  a s  t he hun t i ng p rac t i ce s  o f  p re h i s t o r i c  human s and 
s i t e s e a s o n a l i ty ( Bou rque et  a l . 1 9 7 8 ; Caugh l ey 1 9 6 6 , 
1 9 7 7; S t i n e r  1 99 0 ; 1 9 9 1 ) .  
Many peop l e  have deve l oped mode l s  o f  mo r t a l i t y 
p ro f i l e s  and u sed e t hnog r ap h i c  d a t a  t o  i n t e rp r e t  t he i r  
mean i ng s  ( s ee A l v a r d  and Kap l an 1 9 9 1 ; B l umen s c h i n e  1 9 9 1 ) .  
Fo r e x amp l e , a mo r t a l i t y p ro f i l e s im i l a r  t o  t he na t u ra l  
mo r t a l i ty o f  a popu l a t i on s u g g es t s  e i t h e r  s c aveng i ng o r  a 
hun t i ng techn i qu e  t ha t  s e l ec t s  fo r young o r  o l d  
i nd iv i d ua l s . A mo r t a l i t y p ro f i l e c on t a i n i ng many p r ime 
adu l t s  is  unna t u ra l  and i nd i c a t e s  s e l ec t i v e  hun t i n g  
p re s s u re f o r  t he s e  a n i m a l s .  Th rough o b s e rva t i o n  o f  t he s e  
mo r t a l i ty p r o f i l e s , a n  i d e a  c a n  b e  f o rmed abou t 
p re h i s t o r i c  human hun t i ng behav i o r . 
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The fou r t h  chap t e r  rev i ews s t u d i e s o f  s he l l  m i d d e n s  
a n d  how t he s e  s t u d i e s  app roached t he many p r o b l ems i n  
d e a l i ng w i t h  accumu l a t i o n s  o f  s he l l s  i n  a rc h a e o l ogic a l  
s i t e s . Some r e s e a rche r s  t end t o  focus on s he l l f i s h a n d  
t he i r  ro l e  i n  d i e t , a n d  t he e nv i ronmen t  ( C l aa s e n  1 9 86 ) . 
O t h e r  r e s e a rche r s  have focu s ed on t he i nc r e a s e  i n  s h e l l  
m i d d e n s  d u r i ng t he Ho l ocene a n d  wha t t h i s  means w i t h  
r e f e rence t o  c l im a t i c  c hanges ( De l cou r t  and De l c ou r t  
1 9 8 3 ) . S t i l l  o t he r s  have fo c u s ed on human bu r i a l s  wh i c h 
o f t en s eem t o  be a s s oc i a t ed w i t h  s h e l l  m i d d e n s  ( We b b  and 
DeJ a rne t t e  1 9 4 2 ) . 
The Haye s s i t e  i s  a s he l l  m i d d e n  f r om t he Nashv i l l e 
B a s i n  i n  M i d d l e  Tenne s s ee . I n s t ea d  o f  focu s i ng p r i m a r i l y  
on s he l l s  o r  b u r i a l s ,  r e s e a r c h  a t  t he Haye s  s i t e 
empha s i z ed l i t h i c  ana l y s i s , s t ra t i g r aph i c  i n t e r p r e t a t i on s , 
po l l en s t u d i e s , and fau n a l  ana l y s e s  ( Ca r r  1 9 9 1 ; C r i t e s  
1 9 8 7 ; M orey 1 9 86; Tu rne r e t  a l . 1 9 8 2 ) . Conc l u s i on s  d rawn 
f r om t he r e s e a rch do no t a lways f i t  nea t l y i n t o  mode l s  a n d  
i n t e rp r e t a t i on s  t h a t  a re commonp l ac e  i n  s he l l m i d d e n  
r e s e a rch i n  gene r a l , s u c h  a s  t he no t i on o f  s he l l - f i s h a s  
t h e  p r i m a ry food r e s ou rce . 
Chap t e r  V u s e s  i n f o rma t i on g l eaned f rom mo r t a l i ty 
p ro f i l e  i n t e r p re t a t i on s  t o  conduc t a s t udy o n  mo r t a l i t y o f  
wh i t e - t a i l e d  d e e r  f rom t he Haye s s i t e .  Hypo t he s e s  
gene r a t ed b y p rev i ou s  i nves t i ga t i on s  a t  t h e  Hayes s i t e 
we r e  u s e d  t o  d e t e rm i ne i f  t he occupan t s  du r i n g  t he ea r l y  
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M i d d l e , l a t e  M i d d l e , and La t e  Ar cha i c  p e r i od s  w e r e  hun t i ng 
wh i t e- t a i l ed d e e r  d i ffe r e n t l y from one pe r i od t o  t he ne x t , 
o r  t he s ame . Tes t i ng t he s e  hypo t h e s e s  r e q u i red t he ag i ng 
of t h e  wh i t e- t a i l ed d e e r t ee t h and c o n s t ru c t i ng mo r t a l i ty 
p rofi l e s  fo r a l l  pe r i od s . 
A s amp l e  of t e e t h  was r e c ove r e d  and ages  were d e r i ved 
fo r t he a rc haeo l o g i c a l  s p ec imens . The numbe r of 
i nd i v i d u a l  s pec i me n s  was u s ed fo r b o t h  t h e  f i r s t  mo l a r  and 
the fou r t h  dec i duou s p remo l a r . T h e s e  numbe r s  we re u s e d  
w i t h  a mod i f i e d  i t e ra t ed a g e  l eng t h  key t o  d eve l o p 
mo r t a l i t y p r ofi l e s  fo r t he Haye s s i t e occupa t i ons . 
Chap t e r  V I  d e s c r i b e s  t he r e su l t s fo r t he mo r t a l i ty 
p rof i l e s from t he Hay e s  s i t e m a t e r i a l .  The s e  r e s u l t s  a re 
p re s en t ed a s  p e rcen t ag e s  of a r chaeo l og i c a l  w h i t e - t a i l ed 
d e e r i n  each age c a t ego ry , and bar  c ha r t  f i g u r e s  
i l l u s t ra t e  t he s e  p e rc e n t age s . I n  add i t i on , t he s e a s ona l 
age g roup p e r c en t ag e s  a r e p re s en t ed a s  pe r c e n t ages a s  we l l  
a s  i n  ba r c ha r t  f i gu re s . F i n a l l y , t he r e s u l t s  of c h i  
s q u a r e  t e s t s  fo r d i ffe r e n c e s  be tween t h e  t h ree occup a t i on s  
of the site are p re sen ted f o r  the morta lity profiles and 
t he s e a s o na l i t y p r ofi l e s . 
A d i s cu s s i on of mo r t a l i t y p r of i l e s  from Haye s 
a t t emp t s  t o  e x p l a i n  c hanges i n  p e r c e n t a g e s  of each age 
g roup t h roughou t the occupa t i on s  of t he s i t e . A c h i ­
s q u a r e  t e s t i nd i c a t e s  t he d i fferenc e s  a r e  n o t  s i g n i f i c a n t  
be t ween t he t h ree occupa t i on s , bu t d i ffe r e n c e s  b e t we e n  
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s e a sona l u s e  of t h e s i t e a r e  s i gn i fi cant .  The r e  a re 
s l i gh t  d i ffe r e nce s i n  p e r c e n t a g e s  of y e a r l i ng , sub - a du l t ,  
p r i me - adu l t  and a g e d - adult wh i t e - t a i l ed d e e r . Chang e s  i n  
mo r t a l i ty p rofi l e s , a l ong w i t h  changes i n  l it h i c  
t ec hno l ogy , i nd i c a t e  d i ffe r e n t  hun t i ng a d a pta t i ons o r  
c h a n g e s  i n  s e a s ona l occupa t i ons of t h e  Hayes s i t e .  
In s umma ry , t h i s t h e s i s  exam i ne s  ag i ng t ec hn i q u e s  fo r 
wh i t e - t a i l ed dee r , mo r t a l i t y p r ofi l e s , and ana l y s i s  of 
wh i t e - t a i l ed d e e r  rema i ns from an A r c h a i c  pe r i od s he l l 
m i d d en . An a g i ng t echn i que i s  deve l oped fo r mod e r n  wh i t e ­
t a i l ed d e e r a s  a means of ag i ng p r e h i s t o r i c  w h i t e - t a i l ed 
d e e r  from t h e  Haye s s i t e .  Mo r t a l i ty p rofi l e  
inte r p re t a t i o n s  a re e x am i ned t o  be t t e r  e x p l a i n  t he 
r e s u l t i ng mo r t a l i ty of wh i t e - t a i l ed d e e r f r om t he Haye s  
s i t e . The Hayes s i t e ,  a n  Archa i c  pe r i od s he l l m i d d e n , i s  
r e s e a rched t o  ou t l i n e  conc l u s i on s  fo r t h e  s i t e b a s e d  on 
p re v i o u s  i nve s t i ga t i on s . A l l of t h i s  i nfo rma t i on , i n  
a d d i t i on t o  re s u l t s  f r om t h i s  t h e s i s , i s  d i s c u s sed t o  
i n t e rp re t  wh i t e - t a i l ed d e e r  hun t i ng p a t t e rn s  fo r t he 
A r ch aic p e r i od a t  t he Hayes s i t e .  
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Chapter I I: 
Aging Technique Reliability 
Introduction 
Zooa r c hae o l ogy a t t emp t s  t o  unde r s t and t h e  com p l ex 
r e l a t i on s h i p  b e tween humans and fauna f r om t h e  pa s t .  
Zooa r c haeo l og i s t s  s t udy t h i s  r e l a t i on s h i p  by a p p l y i ng 
s pec i a l  i den t i f i ca t i on and ana l y s i s  t e chn i qu e s  t o  s amp l e s  
of an i ma l rema i ns . One means of i n t e r p re t i n g pas t 
cu l t u r a l  adap t a t i on s  t o  an i m a l ex p l o i t a t i on i s  by 
d e t e rm i n i ng t he age a t  d e a t h  of i n d i v i du a l s  of ce r t a i n  
s pec i e s . The ages of an i m a l s  recove r e d  i n  t he 
a rc haeo l og i c a l  r e c o r d  can reve a l  t he s t r a t egy of s pec i e s  
e x p l o i t a t i on u t i l i z ed b y  p a s t cu l t u r e s  ( Dav i s  1 9 8 7 ; K l e i n  
e t  a l . 1 9 8 1 ; K l e i n  1 9 8 2 a , 1 9 8 2 b ; Mo r r i s  1 9 7 2 ; Ma l t by 1 9 8 2 ; 
N immo 1 9 7 1 ; S t i n e r  1 9 9 0 ) . 
The re a re a va r i e t y  of me t ho d s  u s ed t o  age fauna l 
ma t e r i a l  u s i ng bo t h  ax i a l  and c ra n i a l  e l emen t s  o f  an 
an i m a l ( Ha r l ow and DeFoo r 1 9 6 2 ) . Ep i p hy s e a l  fu s i on i s  
u s ed on a p p en d i cu l a r e l emen t s ,  s u c h  a s  fo r e - and h i nd - l i m b  
b o n e s , a s  an i nd i ca t o r  o f  a g e  ( E r i c s on e t  a l . 1 9 7 0 ; Pu r d ue 
1 9 8 3 ) . C ran i a l  e l emen t s ,  s u c h  as mand i b l e s.  oft en i nvo l ve 
d en t a l  c r i t e r i a  fo r d e t e rm i n i ng t h e  age of an i m a l s  
( Sp i nage 1 9 7 3 ) . The p ro s  and cons a re eva l u a t ed fo r each 
of t he s e  me t ho d s  to  d e t e rm i ne t he be s t  t ec h n i q u e  fo r ag i ng 
wh i t e - t a i l ed d e e r . 
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Aging techniques 
Pu rdue ( 1 9 8 3 ) eva l ua t ed t he va r i a t i on i n  t he t i m i n g  
o f  e p i phy s e a l  fu s i on i n  wh i t e - t a i l ed d e e r  f r om I l l i no i s , 
M i s s ou r i , and Sou t h  C a ro l i na .  The s eq u e nc e  of fu s i o n  fo r 
wh i t e - t a i l ed d ee r  was e s t a b l i s hed a s  fo l l ow s : t he 
ve r t e b r a l  c e n t rum , p rox i m a l end of t he rad i u s  and d i s t a l  
end of t he hum e ru s , p h a l ange s , d i s t a l  t i b i a ,  and f i na l l y 
t h e  p r ox ima l hume r u s  ( Pu r due 1 9 8 3 ) . No va r i a t i on i n  t h i s  
s e q uence was n o t e d  fo r t he geog raph i c  l oc a t i on of t he d e e r  
s pe c imens , bu t e p i p hy s e s  i n  t he fema l e  s k e l e t o n  of t e n  
fu s ed ea r l i e r  t han i n  t he ma l e s . 
P rob l em s  w i t h  ag i ng d e e r w i t h  t h i s  me t ho d  i n  an 
a rc haeo l og i ca l  s e t t i ng s t em f r om t he d e s t ruc t i on of 
f r ag i l e  j uven i l e l ong bone s and e p i phy s e s  a t  p re h i s t o r i c  
s i t e s  ( Davi s  1 9 8 3 ) . The e n d s  of l on g  bone s a re of t e n  
s u b j e c t  t o  c a r n i vo re d amage , a n d  t h i s  c a n  e l i m i na t e  t he 
ev i dence of fu s i on . The maj o r  d i ff i c u l t y i n  u s i ng t he 
fu s i on of e p i phys e s  t o  age a n i ma l s  i s  t ha t  mo s t  e p i p hy s e s  
fu s e  wh i l e  the a n i ma l s  a re sti l l  r e l at i ve l y  young , u s ua l l y  
b y  t he t h i rd yea r . Thus , t h i s  me t hod i s  n o t  ve ry r e l i a b l e  
fo r d e t e rm i n i ng t he ages  of a comp l e t e  an ima l popu l a t i on .  
Me t ho d s  of eva l ua t i ng age a t  d e a t h  t h a t  i nvo l ve 
d en t a l  c r i t e r i a  a r e  va l u ab l e  fo r s eve r a l  r e a s o n s . F i r st ,  
t e e t h  a r e  made of e x t r eme l y  d e n s e  ma t e r i a l  and 
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c o n s e q uen t l y p r e s e rve we l l  i n  a r c haeo l og i c a l  con t ex t s  
( Bou rque e t  a l . 1 9 7 8 ; Ro s e be r ry 1 9 8 0 ) . Second , t ee t h  a r e 
u s ua l l y i de n t i f i a b l e  t o  s pec i e s  ( H i l l s on 1 9 8 6 ) . Th i rd , 
t e e t h  e ru p t  a t  ce r t a i n  i n t e rva l s  and we a r  t h roughou t an 
a n i ma l s ' l i fe ( Kl e i n  et a l . 1 9 8 1 ) .  
The r e  a re t h ree me t hod s fo r ag i ng u n gu l a t e s  by t he i r  
t e e t h . The s e  me t ho d s  i nc l ud e  t oo t h  wea r  and rep l a c emen t ,  
cemen t um annu l i  coun t s , and c rown he i gh t  m e a s u remen t s . 
The t o o t h  wea r and r e p l aceme n t  me t hod i nvo l ve s  a 
c om p a r i s on of a mand i b l e  of u n known age w i t h  mand i b l e s  of 
k n own ages ( G i l be r t  and S t o l t 1 9 7 0 ) . The s e  mand i b l es a r e 
a g e d  acco r d i ng t o  t he s equence of t oo t h  e ru p t i on fo r a 
s p ec i e s , and a l so acco r d i ng t o  t h e  wea r  of t e e t h  fo r o l d e r  
s pe c imens . 
Many s tu d i e s  have been conduc t ed of k nown - age an i m a l s  
t o  de t e rm i ne t he ag e s  a t  wh i ch ce r t a i n  t e e t h  e ru p t  and 
beg i n  to wea r ( Seve r i nghau s 1 9 4 9 ; Schwa r t z  and Schwa r t z  
1 9 6 4 ; H i l l s on 1 9 8 6 ; Den i z  and Payne 1 9 8 2 ; Ree s  e t  al . 
1 9 6 6 ) . Seve r i nghaus ( 1 9 4 9 ) e s t ab l i s hed t h e  mo s t  w i d e l y  
u s e d  t oo t h  wea r and rep l aceme n t  c r i t e r i a . The s e  c r i t e r i a  
w e r e  b a s ed o n  t he t oo t h  e ru p t i on and wea r of d e e r  from 
fa l l  t o  fa l l  fo r hun t i n g  s e a s on s . Wh i t e - t a i l ed dee r 
( Od o c o i l e u s  v i rg i n i an u s ) ,  fo r examp l e , have fu l l  p e rma ne n t  
d en t i t i on b y  t wo and a h a l f  y e a r s  of age ( t h i rd fa l l ) .  
O t h e r  s tu d i e s  u t i l i ze t oo t h  wea r  and r e p l acemen t 
p a t t e rn s  t o  s e pa r a t e  a n i ma l s  of d i ffe r e n t ages  i n t o  age 
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g ro u p s ,  o r  coho r t s , r a t h e r  t han i d e n t i fy age f rom yea r t o  
yea r . N i mmo ( 1 9 7 1 ) i de n t i f i ed s even age g ro u p s  fo r 
p ro n g h o r n  an t e l o pe ( An t i l ocapra ame r i c ana ) .  The s c o r i n g 
s ys t em u s ed by H i l l s on ( 1 9 8 6 ) reco r d s  t h e  e rup t i o n 
s eq uence of red d e e r  ( Ce rvus e l aphu s ) t e e t h . Th i s  
s e quence con t i nues  f r om b i r t h , when a l l  t e e t h  a re a b s en t , 
t o  2 7  mon t hs , when a l l pe rmane n t  t e e t h  a re e ru p t ed . A 
s t udy by Tu r ne r ( 1 9 8 5 ) d e f i n e d  f i v e  age c l a s s e s  w i t h  
d e s c r i p t i on s  of t oo t h  wea r  and re p l aceme n t  fo r e x t i nc t  
s p r i ng bok ( An t i d o rc a s  bond i ) .  
The t ooth wea r  and r e p l acemen t m e t hod can be 
p ro b l ema t i c  fo r s eve r a l  r e a s o n s . F i r s t , m o s t c r i t e r i a  
w e r e  d eve l oped fo r w i l d l i fe managemen t p ro g r am s , and a g e s  
we r e  e s t ab l i s hed from hun t i ng s e a s on t o  hun t i ng s e a s on 
( Seve r i nghaus 1 9 4 9 ; S c hwa r t z  and Schwa r t z  1 9 6 4 ) . Second , 
a s  fa r a s  a rc haeo l og i c a l  s pec imens a r e conce rned , i t  ls 
r a re to f i nd an a s s emb l age w i t h  many who l e  mand i bu l a r  
e l emen t s  ( K l e i n  e t  a l . 1 9 8 1 : 2 ) . T h i r d , poo r nu t r i t i on c a n  
d e l ay t oo t h  e ru p t i on i n  s ome p o pu l a t i on s , a n d  t he t y p e  o f  
food c o n s umed b y  an a n i m a l  d i r ec t l y i nf l u en c e s  wea r ( G r a n t  
1 9 7 8 ) . Fou r t h , t h e r e  i s  va r i a t i on i n  t he h a r d ne s s  of 
e n ame l and d en t i ne i n  t e e t h  due to t he amou n t s  of 
s t r o n t i um , p h o s pho rou s , and f l uo r i ne ava i l ab l e  i n  food and 
wa t e r  ( Ro b i ne t t e et  Ql .  1 9 5 7: 1 4 0 ) . F i na l l y, va r i a t ion i n  
t h e  p roce s s  of mas t i ca t i on w i l l  affe c t  t oo t h  wea r ( G i l b e r t  
and S t o l t  1 9 7 0 ) . The r efo re , i t  i s  d i ff i cu l t  t o  u s e  t he 
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ma t c h i ng me t h od fo r an a rch aeo l og i c a l  s amp l e  when t he 
o b j e c t i ve i s  t o  de t e rm i ne age p ro f i l e s  o f  an an i m a l 
popu l a t i on .  
A s e c ond m e t hod, d en t a l  annu l i c o u n t i ng ,  i nvo l ve s  
t h i n  s e c t i on i ng t e e t h  and coun t i ng c emen t um g row t h  r i ng s  
d e p o s i t ed t h roughou t an a n i ma l s  l i f e s pan ( E r i c s on and 
Se l i g e r  1 9 6 9 ; G i l b e r t  1 9 6 6 ; Go r d o n  1 9 82 ; Kay 1 9 74 ;  
L i ebe rman e t  a l . 1 9 9 0 ; Low and Cowan 1 9 6 3 ; Ran s om 1 9 6 6 ; 
Se r g e a n t  1 9 6 7 ; Sp i e s s  1 9 9 0 ) . M i t c he l l  ( 1 9 6 7 ) condu c t ed an 
ana l y s i s  o f  t he g r ow t h  l aye r s  in app rox i ma t e l y  3 , 0 0 0  
S co t t i s h  red d e e r  ( Ce rvu s e l aphus ) ,  and t h e  f i r s t  mo l a r  
gave r e su l t s  w i t h  ve ry h i g h accu racy . I n  1 9 72 ,  Lo c k a r d  
s t ud i ed t he c emen t um annu l i  me t h od f o r  ag i ng wh i t e - t a i l ed 
d e e r  f rom Oh i o . Loc k a r d  ( 1 9 72 ) s ec t i oned t h e  i nc i s o r s  o f  
d ee r  and found l i ne s  i n  9 5% o f  the s pec i m e n s , and 
e s t i ma t ed a g e s  had o n l y  a 26% d i s c r e pancy f rom k nown a g e s . 
M i t ch e l l ( 1 9 8 9 ) t e s t e d  t he accu racy o f  t h e  t oo t h  wea r  and 
r e p l a c emen t t echn i que ag a i ns t  c eme n t um annu l i  f o r  ag i ng 
wh i t e - t a i l ed d ee r . The r e s u l t s  o f  he r ana l y s i s  s howed 
t ha t  t h e  cemen t um annu l i  me t hod (u s i ng t he s ec o nd 
p remo l a r ) w a s  mo re accu r a t e  and cons i s t e n t . 
The i d e n t i f i c a t i on o f  c emen t um annu l i  i s  a l s o u s e fu l  
f o r  d e t e rm i n i ng s e a s on a l i t y .  Be r n s t e i n  ( 1 9 9 0 ) d e f i ned 
t h re e  c a t e go r i e s : the d a r k , w i n t e r  annu l u s ; t he sho r t , 
l i gh t  s umme r annu l u s ; and t he l ong , l i gh t  s umm e r  annu l u s . 
S p i e s s  ( 1 9 9 0 ) u sed t h e  c emen t um annu l i  t o  d e t e rm ine 
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s e a s on a l i ty o f  p reh i s t o r i c  d e e r  hun t i ng i n  Ma i ne . The 
s t udy reve a l ed t h a t  e a r l y  peop l e  ( 4 , 5 0 0  B . P . ) re l i ed on 
i n t en s e  hun t i ng f rom Novembe r to  May , wh i l e l a t e r  
o c c u p a t i o n s  ( 4 , 0 0 0 - 3 , 8 0 0  B . P . ) swi t ched t o  hun t i ng d e e r  
d u r i ng a l l  s e a sons . 
Un f o r t u na t e l y , t he re a r e many p rob l em s  w i t h  t he 
c eme n t um annu l a t i on me t hod a s  we l l .  F i r s t , t he r e i s  a 
t e ndency f o r  ceme n t um annu l i c oun t s  t o  s eve r e l y  unde r a g e  
o r  ove r age s ome a n i ma l s . Sec ond , a n i ma l s  f r om wa rm 
c l i ma t e s  may not have a we l l  d e f i ne d  s e pa r a t i on be tween 
w i n t e r  and s umme r  g row t h  l i n e s  ( Ro s e be r ry 1 9 8 0 ) . Th i r d ,  
t he r a t e s  o f  d e po s i t  a re n o t  a lways c o n s t an t , and t he 
l aye r s  w i l l  va ry i n  t h i ck ne s s  and c o l o r . Fou r t h, s p l i t  
annu l i  may o c c u r  f r om t he s e c t i on i ng techn i que , and fa l s e 
annu l i can r e s u l t  f r om s e a s ona l f l u c t u a t i o n s  i n  nu t r i t i on , 
s u c h  a s  d u r i n g  t he ru t ( S p i e s s  1 9 9 0 ) . F i na l l y , den t a l  
annu l i coun t s  a re t i me c o n s um i ng , d e s t ruc t i v e , and t h e  
p ro ce s s  i s  n o t  we l l  u nd e r s t ood ( K l e i n  a n d  C ru z - Ur i be 
1 9 8 4 : 4 6 ) . A l t hough d e n t a l  annu l i  coun t i ng i s  a mo r e  
obje c t i ve me t hod o f  ag i ng an i ma l s , i t  i s  s t i l l  somewha t 
p ro b l ema t i c  fo r a rchae o l ogic a l  s amp l e s . 
The l a s t  met hod i nvo l v i ng t h e  u s e  o f  d en t a l  ma t e r i a l  
f o r  d e t e rm i n i ng age is denta l c rown he i g h t  m e a s u remen t s . 
The c rown he i gh t  m e a s u rement t echn i que mea s u r e s  "a g i ve n  
t o o t h  . . .  f rom t he occ l u s a l  s u r face t o  t h e  c rown-roo t 
j un c t i on d own one s i de o f  t he t oo t h : t h i s  i s  f o r  t he 
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b u c c a l  ( e x t e rna l ) s i d e  o f  mand i bu l a r  t ee t h  and t he l i n g u a l  
( i n t e r n a l ) s i d e o f  max i l l a ry t e e t h" ( Dav i s  1 9 8 7 : 43 ) . 
C rown h e i g h t  measu remen t s  p rov i d e  e a s i l y r e p l i c a b l e  
r e s u l t s , c an b e  ap p l i e d  t o  i s o l a t e d t e e t h , and a r e ve ry 
obj ec t i ve ( K l e i n  et a l . 1 9 8 1 ) .  H i g h - c rowned ungu l a t e  
t e e t h  wea r  g radua l l y  t h roughou t t he l i fe o f  a n  a n i m a l , b u t  
t h e re i s  s ome rap i d  wea r  e a r l y  i n  t he a t t ri t i on p roce s s  
( Gi f fo rd - Gonz a l e s 1 9 9 1 ) .  C r own he i gh t  measu remen t s  can 
a l s o be ob t a i ned w i t hou t d e s t r oy i ng va l uab l e  
a rc haeo l og i c a l  spec i mens ( Le v i n e  1 9 82 ) . The age c l a s s es  
d eve l oped f rom c r own he i gh t  measu remen t s  can p rov i d e an 
a ccu r a t e  age p ro f i l e  of  t he popu l a t i on be i ng eva l u a t e d and 
revea l  impo r t an t  i n f o rma t i on rega rd i n g human/a n i ma l  
i n t e rac t i on .  
I n  a r e c e n t  s t udy , K l e i n  e t  a l . ( 1 9 8 1 ) d e t e rm i ned t he 
f e a s i b i l i t y o f  p r ed i c t i ng age o f  red dee r f rom c rown 
h e i gh t  mea s u remen t s  on t he dec i d u o u s  f ou r t h  l owe r p remo l a r  
and t he pe rmane n t  f i r s t  and s e cond l owe r mo l a r s  o f  a 
k nown-age s amp l e . Two a s s ump t i ons we r e  made : t he 
r e d uc t i on o f  t o o t h  he i gh t  i s  re l a t ive l y  cons t a n t  t h ro u g h  
t ime , a n d  t oo t h  r e p l a c ement  occu r s  w h e n  dec i d uou s t e e t h  
a re c omp l e t e ly wo rn . Howeve r ,  tee t h  d o  have va r i ab l e  
r a t e s  o f  wea r , f i r s t  wea r i ng q u i c k l y  and t he n  s l ow i ng 
( K l e i n  1 9 82a ) . 
K l e i n  e t  a l . ( 1 9 8 1 ) de f i ne t h ree s t e p s  t o  d eve l o p t he 
fo rmu l a  fo r p red i c t i ng age . The f i r s t  s t e p t ak e s  t he 
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m e a s u r eme n t s  f rom t he c rown heigh t s  and p l o t s  t hem again s t  
t h e  k nown age s ( K l ein e t  a l . 1 9 8 1 : 9 ) . Second , t h e  
ma t hema t ic a l  r e l a tion s hip be tween age and c r own heig h t  is 
d e t e rmined t h rough a r e g r e s sion of age again s t c r own 
heig h t  ( K l ein� a l . 1 9 8 1 : 1 2 ) . Fina l l y , t his re l a tio n s hip 
is u ti l i z e d  to make age e s t im a t ions f r om c rown heigh t s . 
The r e s u l ting fo rmu l a  can be u s ed t o  a s s e s s age and 
c o n s t ru c t  age p r o fi l e s  o f  a r chaeo l ogic a l  s amp l e s . 
Davis ( 1 9 8 3 ) u t i l i zed c rown heig h t  m e a s u r emen t s  t o  
d e t e rmine dif f e ren tia l e x p l oi t a tion o f  g a z e l l e s  in I s rae l . 
The t e e t h  u t i l ized inc l u d e  t he fou r t h d eciduous p r emo l a r  
and t he p e rmanen t t hi r d  mo l a r . His co r r e l a t ion 
coe f ficien t  f o r  t he fou r t h  d e ciduous p r emo l a r  is - . 6 7 3 , 
which indic a t e s  a fai r l y  good co r r e l a tion be tween c rown 
heig h t  and age . Ano t he r  s t u d y  by Koik e and Oh t a i s hi 
( 1 9 8 5 , 1 9 8 7 ) u ti l ized c rown h eig h t  measu remen t s  to  
e s t ima t e  t he age of  sik a d ee r . C r own heig h t  measu r emen t s  
we r e  u s ed in c onj unc tion wi t h  appearance o f  ce rv i c a l  l in e , 
wea r  p a t t e rn s , and e piphy s e a l  fu sion t o  d e t e rmine age 
( Koik e  and Oh t ais h i  1 9 8 5 ) . 
Some p rob l ems wi t h  t his me t hod a r e simi l a r  to 
p rob l ems found wit h  t o o t h  e ru p t i on and we a r  pa t t e rn s , such 
as va riabi l i t y  of die t ( G i f f o r d-Gonza l e s 1 9 9 1 ) .  The 
gene t ic r e l a tion s hip and n u t ri t ional backg round in 
p re his t o ric anima l popu l a t io n s  a r e  a l s o dif ficu lt t o  
is o l a t e . One way t o  ove rcome s ome o f  t h e s e  p rob l em s  i s  t o  
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u s e  c rown he i gh t s  f o r  d e t e rm i n i ng t he age o f  an an ima l 
w i t h i n  a c l a s s , s u c h  a s  1 0% o f  an an i ma l s  po t en t i a l  
eco l og i ca l l ongevi t y , i n  o r d e r  t o  d e c r e a s e  t he e f fec t s  o f  
va r i ab i l i t y ( K l e i n  e t  a l . 1 9 8 1 : 4 ) . Fac t o r s o f  d i e t  can be 
i s o l a t e d  by e x am i n i ng r e g i on a l  va r i a t i on in a n i ma l  
popu l a t i on s , and t he s i z e  o f  an ima l s  can b e  r e c o rded a n d  
accou n t e d  f o r  i n  mod e r n s amp l e s  ( Ma l t by 1 9 82 ) . U t i l i z i ng 
c rown he i gh t  measu remen t s  f o r  e s t i ma t i ng t he age o f  h i gh ­
c rowned ungu l a t e s  can p rove mo re v a l u a b l e  by t ak i ng 
va r i ab i l i ty o f  i nd i v i d ua l s  w i t h i n  popu l a t i on s  i n t o  
c o n s i d e ra t i on . 
The a bove r ev i ew o f  e p i p hysea l fus i o n , t o o t h  wea r  and 
r e p l acemen t , c emen t um annu l i ,  and c r own he i gh t  mea s u r em e n t  
ag i ng t e chn i qu e s  p rov i d e s  s ome p r o s  a n d  c o n s  f o r  each 
me t hod . A l t hough e p i phy s e a l fu s i on i s  a v a l uab l e  
t echn i que , t aphonom i c  p roc e s s e s  rende r i t  a l e s s  u s e fu l  
me t hod fo r d e t e rm i n i ng age o f  wh i t e- t a i l e d d e e r  t han 
me t ho d s  b a s e d  on t e e t h . Too t h  we a r  and rep l a c emen t i s  t oo 
s u b j ec t i v e  t o  be o f  u s e  i n  a r c haeo l o g i ca l s am p l e s , and t he 
ceme n t um annu l i me t hod i s  de s t ruc t i ve and t i me con s um i n g . 
Thu s , den t a l  c rown h e i gh t  m e a s u remen t s  may be r e g a r d e d  a s  
t h e  be s t  m e t hod f o r  d e t e rm i n i ng a g e s  o f  wh i t e- t a i l e d d ee r . 
Methods 
K l e i n  e t  a l . ( 1 9 8 1 ) a r gued t ha t  t he c r own he i gh t  
m e a s u remen t t echn i que c a n  b e  u s ed fo r h i g h - c rowned 
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u ngu l a t e  s pec i e s t ha t  a r e s i m i l a r  t o  red d ee r . Th i s  
a rgumen t can b e  pu t t o  good u s e  i n  t he s o u t he a s t e rn Un i t e d  
S t a t e s  w i t h  wh i t e - t a i l ed d e e r . Two s t u d i e s we re condu c t e d  
w i t h  c rown he i gh t  me a s u r emen t s  to  d e t e rm i ne age o f  wh i t e ­
t a i l ed d e e r  by u t i l i z i ng c r i t e r i a  deve l o ped by K l e i n  e t  
a l . ( 1 9 8 1 )  and Ko i k e and Oh t a i s h i  ( 1 9 8 5 , 1 9 8 7 ) . A 
p r e l i m i na ry s t udy exam i ned c r i t e r i a  by K l e i n  e t  a l . 
( 1 9 8 1 ) , and an expanded s t u dy com p a r e d  ag i ng c r i t e r i a  
deve l oped by b o t h  K l e i n  e t  a l . ( 1 9 8 1 ) and Ko i k e  and 
Oh t a i sh i  ( 1 9 8 5 , 1 9 8 7 ) . 
The p re l i m i n a ry s am p l e  cons i s t ed o f  2 5  i nd i v i du a l s  
c o l l ec t ed p r im a r i l y i n  eas t e rn Tenne s s e e , w i t h  9 ma l e s  and 
1 6  f ema l e s  f rom d i f fe r e n t  s e a s on s . De t e rm i n i ng the 
r e l a t i on s h i p  be tween t he wh i t e - t a i l ed d e e r o b s e rva t i on s  
a n d  t he o r i g i na l  fo rmu l a  f r om K l e i n  e t  a l . ( 1 9 8 1 ) r e q u i re d  
r e g r e s s i on a n d  c o r re l a t i on coe f f i c i en t  ana l y s i s . The 
r e su l t s o f  t he s t a t i s t i c a l  ana l ys i s  o f  t he wh i t e-t a i l ed 
d e e r  s am p l e  revea l ed a p o o r  co r re l a t i on fo r t he dec i d uou s 
f ou r t h  l owe r p remo l a r . An eva l ua t i on o f  t he fo rmu l a  f o r  
t h e  p e rmanen t second l owe r mo l a r  i s  s l i gh t l y  be t t e r  t ha n  
t he d ec i du o u s  t oo t h . T h e  mo s t  ou t s t and i ng r e s u l t s  i nv o l ve 
t h e  p e rmane n t  f i r s t  l owe r mo l a r , wi t h  a s l o pe 
s i g n i f i can t l y  d i f fe ren t l y d i f fe re n t  f r om 0 a t  an a l pha 
l eve l of 0 . 0 5 .  
A f t e r  eva l u a t i n g  c rown he i gh t  mea s u r emen t s  w i t h  t he 
sma l l s amp l e , an expanded s tu d y  was condu c t ed w i t h  a 
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s amp l e  o f  92 wh i t e - t a i l ed d e e r  hou s e d  i n  the Un i v e r si t y  o f  
Tenne s s ee and I l l i n o i s S t a t e  Mu seum compa r a t i ve 
co l l e c t i on s . A t o t a l  o f  3 4  we re c o l l ec t ed f rom I l l i n o i s , 
3 1  f rom Tennes see , 17  f rom Texas , 7 f rom Wyom i ng and 1 
each f r om Wa s h i ng t on , Mis s ou r i , and Oh i o .  The se 
s pe c i m e n s  we re age d w i t h  t oo t h  wea r  and r e p l acemen t in  t he 
mand i bu l a r  t o o t h  r ow . The d en t a l  ma t c h i ng t e c hniqu e , 
co r re l a t ed wi t h  a b i r t h  d a t e  o f  June 1 and d a t e  o f  d e a t h , 
was u s ed t o  p rov i d e  t he age a t  dea t h  f o r  t he s p ec i me n s  
( Chapman a n d  Fe l d hame r ,  1 9 82 ) . T h e  s p e c i f i c  i n f o rma t i on 
( Ap pend i x  1 )  reco r d ed for  t he wh i t e - t a i l ed deer  i n c l u d e d  
d en t a l  m a t ch i n g  ( Sc hwa r t z  a n d  Schwa r t z 1 9 64 ) , c e rv i c a l  
l ine appea rance ( Ko i ke a n d  Oh t a i s h i  1 9 8 5 ) , c rown he i gh t  
m e a s u remen t s  ( K l e i n  e t  a l . 1 9 8 1 ; Ko i k e  and Oh t a i s h i  1 9 8 5 ) ,  
and c rown w i d t h  and b read t h  measu reme n t s . A l l 
m e a s u remen t s  were o b t ained t o  t he nea r e s t o n e - hund red t h  o f  
a m i l l i me t e r  u s i ng d i g i t a l  c a l i p e r s . 
I n  t he e x panded s t udy , two c rown he i gh t  measu r emen t 
t ec h n i qu e s  a re compa r e d , one by K l e i n  e t  a l . ( 1 9 8 1 ) and 
ano t he r  by Ko i k e  and Oh t a i sh i  ( 1 9 8 5 ) . The mea s u remen t i n  
t he p re l i m i na ry s t u dy , by K l e i n  e t  a l . ( 1 9 8 1 ) ,  i s  t he 
m i n i mum d i s t ance f r om t he occ l u s a l  s u r face t o  t he ce rv i c a l  
l i ne o n  t he an t e r i o r  c u s p , l a b i a l  s i d e  o f  t he t o o t h  
( F i g u re 2 . 1 ) . Be s t  r e s u l t s  we re reached u s i n g t h e  l owe r 
dec i duou s f ou r t h  p remo l a r  and t he l owe r p e rman e n t  f i r s t , 
s econd , and t h i r d mo l a r s . 
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F i gu re 2 . 1 :  C rown He i g h t  Measu remen t s  on t he Lab i a l  S i d e 
o f  t he Th i rd Mola r ( a f t e r  K l e i n  and C ru z - U r i be 1 9 8 3 ) 
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I n  add i t i on t o  t h e  t e chn i que repo r t ed by K l e i n  e t  a l . 
( 1 9 8 1 ) , a t e c h n i que d eve l o ped by Ko i ke and Oh t a i s h i  ( 1 9 8 5 )  
was emp l oyed i n  t he e x panded s t udy . The second c r own 
h e i gh t  m e a s u r eme n t  t ec hn i que mea s u r e s  t he d i s t ance f rom 
t h e  c e rv i c a l  l i ne t o  t he t o p  o f  t he h i g h e s t c u s p  o f  e a c h  
mo l a r  ( F i g u re 2 . 2 ) . T h e  pos t e r i o r  c u s p  o f  t he l owe r 
f ou r t h  dec i duous p remo l a r , l owe r f i r s t  and s e cond 
pe rmanen t mo l a r s , and t he an t e r i o r  c u s p  o f  t he l owe r t h i r d 
pe rmane n t  mo l a r  a r e  r e c ommended ( Ko i k e  and Oh t a i s h i  1 9 8 5 , 
1 9 8 7 ) . 
The r e s u l t s  o f  t he age d a t a  f o r  wh i t e- t a i l ed d e e r 
we r e  ob t a i ned u s i ng co r re l a t i on coe f f i c i en t s , and l i ne a r  
and quad ra t i c r e g r e s s i o n s . The m e a s u remen t s  f o r  each 
t o o t h  we r e  p l o t t ed aga i n s t  age t o  d e t e rm i ne t he 
r e l a t i on s h i p . P l o t s  f o r  t he c rown w i d t h s and b read t hs 
we r e  v e r y  poo r ly co r r e l a t ed ; mo s t  o f  t he t e e t h  showed no 
r e l a t i on s h i p  of  c r own w i d t h  o r  b read t h  t o  age . The c rown 
he i g h t s  we re v e ry h i g h l y  c o r r e l a t e d , a l t hough s ome 
d i f fe re n c e s  be twee n t he two measu r emen t s  we r e  ev i den t . 
Co r re l a t i o n coe f f i c i e n t s  fo r t he K l e i n  e t  a l . ( 1 9 8 1 ) 
m e a s u r eme n t s  we re s l i gh t l y  l e s s  c o r re l a t ed w i t h  age t ha n  
t h e  Ko i ke a n d  Oh t ais h i  ( 1 9 8 5 ) mea s u r emen t s  ( F i gu r e  2 . 3 ) . 
Fo r e x amp l e , t he c o r re l a t i on coe f f i c i en t  f o r  t he d e c i d u o u s  
f ou r t h  p remo l a r  w i t h  t he K l e i n  e t  a l . ( 1 9 8 1 ) measu r eme n t s  
was - . 62 ,  wh i l e t he Ko i ke and Oht a i sh i  ( 1 9 8 5 ) mea s u r eme n t s  
p ro d u c e d  a c o r re l a t i on o f  - . 7 5 .  
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F i gu re 2 . 2 :  C r own He i gh t  Mea s u r eme n t s  on t he L i ngua l S i d e  
o f  t he Lowe r Mand i bu l a r  Tee t h  ( a f t e r  Ko i k e and Oh t a i s h i , 
1 9 8 5 ) 
20 
Too t h  K l e i n  e t  a l . ( 1 9 8 1 ) Ko i k e  and Oh t a i s h i  ( 1 9 8 5 )  
r - v a l u e  r - v a l ue 
dP4 - . 62 - . 7 5 
P4  - . 8 7 - . 9 1  
M 1  - . 8 6 - . 9 5 
M2 - . 8 7 - . 9 5 
M 3  - . 8 7 - . 9 1  
F i g u r e  2 . 3 :  Co r re l a t i on Co e f f i c i en t s  Show i ng D i f fe r e nc e s  
Be tween K l e i n  et a l . ( 1 9 8 1 ) and Ko i k e  a n d  Oh t a i s h i  ( 1 9 8 5 ) 
Mea s u remen t s  
2 1  
P l o t s  f o r  t he c r own he i g h t  me a s u reme n t s  aga i n s t age 
s u g ge s t e d  s l i g h t  non l i n ea r i t y f o r  s ome of  t he t ee t h , s o  
quad ra t i c  r e g res s i on s  we re a l s o  c ompu t e d  f o r  t he t e e t h  
( F i gu r e 2 . 4 ) . A l l o f  t he pe rmanen t  t e e t h  m e a s u red w i t h  
t h e  K l e i n  e t  a l . ( 1 9 8 1 )  me t hod sugge s t e d  a cu rved r e l a ­
t i o n s h i p . The Ko i k e and Oh t a i s h i  ( 1 9 8 5 ) m e a s u remen t s  
showed l e s s  o f  a r e l a t i on s h i p  w i t h  t he cu rved reg r e s s i on , 
e x c e p t fo r t he M 1  wh i ch had a p - va l u e  o f  . 0 0 0 2 . 
The r e su l t s o f  t he c o r re l a t i on c oe f f i c i en t  sugge s t  
c rown he i gh t  measu remen t s  a r e  h i g h l y  co r r e l a t e d  wi t h  age , 
and t h e Ko i k e  and Oh t a i s h i  ( 1 9 8 5 )  m e a s u remen t s  have h i gh e r  
co r r e l a t i o n s  t han t he K l e i n  e t  a l . ( 1 9 8 1 ) m e a s u remen t s . 
Thus , t he c o r r ela t i on coe f f i c i e n t s and t he h i gh p - va l u e s  
f o r  qua d ra t i c  reg r e s s i on s u g ge s t t ha t  t he Ko i k e  and 
Oh t a i s h i  ( 1 9 8 5 ) measu remen t s  may be m o r e  u s e f u l  fo r ag i ng 
wh i t e- t a i l ed d e e r . 
Materials 
The me t ho d o l ogy d eve l o ped wi t h  t he p r e l i m i na ry 
s t u d i e s  was t hen ap p l i ed t o  a k nown - age popu l a t i on of 
wh i t e- t a i l ed d e e r  mand i b l e s . The k nown-a ge popu l a t i o n i s  
pa r t  o f  t he W i l d l i fe Managemen t Prog r am a t  t he M i s s i s s i pp i  
S t a t e  Un i ve r s i t y ,  conduc t e d b y  J a c o b s on and Re i ne r  ( 1 9 8 9 ) . 
The mand i b l e s we r e  co l l ec t ed f r om bo t h  w i l d  t agged d ee r , 
and c ap t i ve d e e r  wh i ch a re pa r t  o f  t h e  d e e r  b reed i ng 
p rog r am a t  t he Un i ve r s i t y .  Wi l d  d e e r  we r e  t agged s o o n  
2 2  
Too t h  K l e i n  e t  a l . ( 1 9 8 1 ) Ko i ke and Oh t a i sh i ( 1 9 85 ) --
p - va l ue p - va lu e  
d P 4  . 1 8 4 6  . 7 6 9 5  
P4  .0 0 0 1  . 0 1 2 5  
M 1  . 0 0 0 3  . 0 0 02 
M2 . 0 0 0 4  . 0 0 8 8  
M 3  . 0 0 0 6  . 0 845 
F i gu re 2 . 4 :  Quad r a t i c  Reg r e s s i on P-va l u e s  for K l e i n  e t  
a l . ( 1 9 8 1 )  and Ko i k e  and Oh t a i s h i  ( 1 9 8 5 ) M e a s u r eme n t s  
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a f t e r  b i r t h  and r e po r t ed a t  dea t h; mo s t  a n i ma l s  we r e  
r e c ove red d u r i ng t he hun t i ng s ea s on . Some o f  t he w i l d  
d e e r  we re b o r n  a t  t he M i s s i s s i pp i  S t a t e  Un i ve r s i t y 
f ac i l i t y and r e l e a s e d  i n t o  t he w i l d . Cap t i ve d e e r  we r e  
k e p t  i n  a s e r i e s  o f  pens , a n d  f e d  a m i x t u r e o f  da i ry 
r a t i on s , c o r n  and f r e e - range g r a s s . 
P l o t s  o f  t he c a p t ive and w i l d  d ee r , and fema l e s  and 
ma l e s  we r e  o b t a i ned to d e t e rm i ne i f  hab i t a t  or  sexua l 
va r i ab i l i t y e x i s t s  w i t h  c rown he i gh t s  ( s ee F i gu re 2 . 5 ) . 
The p l o t  o f  cap t i ve and w i l d  d e e r  s hows l i t t l e d i f fe re n c e  
w i t h  c rown h e i gh t  o f  t he f i r s t  pe rmane n t  mo l a r . A l s o , t he 
p l o t  o f  f ema l e s  and ma l e s i l l u s t ra t e s  a h i gh d e g r e e  o f  
s im i l a r i ty fo r t he c rown he i g h t s  o f  t he f i r s t  pe rmane n t  
mo l a r . P l o t s  o f  t he c rown h e i g h t s  f o r  c a p t i ve and w i l d , 
and ma l e  and f ema l e  wh i t e - t a i l ed d e e r p r e s e n t  ev i d e n c e  
s u p po r t i ng l i t t l e d i f fe rence b e tween t he s e  g roups . 
A l l mand i b l e s  have a s soc i a t e d  d a t a  t h a t  i nc l ud e s  
ca t a l og numbe r ,  s t a t e , sex , age , mon t h  o f  d e a t h , s i de , a n d  
whe t h e r  t he a n i ma l  w a s  w i l d  o r  cap t i ve .  Ag i ng d a t a  
r e c o r d e d  a t  t he M i s s i s s i p p i  S t a t e Un i ve r s i ty fac i l i t i e s  
i nc l ud e s  t o o t h  we a r  a n d  r e p l aceme n t , a n d  c eme n t um annu l i  
f o r  s ome o f  t he wh i t e - t a i l e d d e e r  ( s e e  Append i x  2 ) . I n  
add i t i on , Append i x  2 con t a i ns t he age s o f  d e e r  based on 
c rown he i gh t  mea s u r emen t s  r e c o r d e d  fo r l owe r mand i bu l a r  
t ee t h . 
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Fig u r e  2 . 5 :  Scatte r P l ots f o r  A ) Ca ptive and Wil d  and 
B ) Fema l e  and Ma l e  White - tai l ed Dee r  
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i 
Results 
The m e a s u reme n t  u s ed t o  gene r a t e  ages f o r  t he k n own ­
age d e e r  was t he he i gh t  o f  t he c rown on t he l i ngua l 
s u r f ace o f  t he pos t e r i o r  c u s p , b a s e d  on t he Ko i k e and 
Oh t a i s h i  ( 1 9 8 5 , 1 9 8 7 ) me t hod . Th e s e  mea s u remen t s  we r e  
t he n  reg r e s s e d  aga i n s t  t he a g e s  f o r  t he wh i t e- t a i l ed d e e r  
u s i ng a quad r a t i c reg r e s s i on e q ua t i on ( F i g u re 2 . 6 ) . Th i s  
equ a t i on can b e  u s e d  fo r e s t i ma t i ng a g e s  o f  wh i t e- t a i l e d  
d e e r  b a s e d  o n  c rown he i g h t  m e a s u remen t s . 
The quad r a t i c  r e g r e s s i on o f  age on c rown he i g h t  f o r  
t he k nown-age s amp l e  r e s u l t e d  i n  a p - va l u e  o f  . 0 0 1  f o r  t he 
f i r s t  pe rmane n t  mo l a r . As s h own i n  F i gu re 2 . 6 ,  t he c r own 
he i gh t  m e a s u r emen t s  a r e  ve ry c l o s e  to t he r e g r e s s i on l i n e . 
Co r re l a t i on coe f f i c i en t s  i nd i c a t e a h i gh d e g ree o f  
co r r e l a t i on o f  age and c rown he i g h t  m e a s u remen t s. 
A l t hough t h i s  i s  n o t  s u rp r i s i ng , c o n s i d e r i ng t he r e s u l t s  
o f  t he p r e l i m i na ry s t u d i e s , i t  i s  i m po r t a n t  t o  cons i d e r  
w i t h  a k nown - age s amp l e . 
An e q ua t i on fo r e s t i ma t i ng ages o f  wh i t e- t a i l e d d e e r 
was d eve l oped based on t h e quad ra t i c reg r e s s i on : 
whe re t he X i s  t he p red i c t o r  v a r i ab l e , Y i s  t he p red i c t ed 
va r i ab l e , a i s  t he Y- i n t e rc e p t ,  and 6 i s  t he s l o pe o f  t he 
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F i gu r e 2 . 6 :  Quad r a t i c  Reg r e s s i on o f  Age o n  C rown He i gh t  
f o r  M i s s i s s i p p i  Known - Age Wh i t e - t a i l e d Dee r S ample 
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l i n e  ( Thomas 19 7 6 ) .  F i g u re 2 . 7 rep re s en t s  t he ¥ ­
i n t e rc ep t s  a n d  s l opes f o r  t he fou r t h  dec i duous p r emo l a r , 
f ou r t h  p e rmanen t  mo l a r  and f i r s t , s ec ond and t h i rd 
pe rmanen t mo l a r s . 
A b l i nd t e s t  conduc t ed w i t h  4 0  wh i t e- t a i l ed d e e r  
mand i b l e s  p rov i d ed c omp a r a b l e  r e s u l t s  w i t h  c rown he i gh t  
m e a s u remen t s . The mand i b l e s we re aged w i t h  t o o t h  wea r  a nd 
r e p l a c emen t f o r  t he mand i bu l a r  row and g i ven a s pe c ime n 
numbe r .  Measu remen t s  we re t aken on a l l mand i bu l a r  t e e t h  
w i t h  no p rev i ou s  k now l edge o f  s pec imen age . C r own he i g h t  
a g e s  d e r i ved w i t h  t he reg r e s s i on fo rmu l a  p ro v i d e d  a 9 7% 
co r r e l a t i on w i t h  k nown age o f  t he whi t e - t a i l ed dee r . 
Conclusion 
The pu r p o s e  o f  t h i s  chap t e r  was t o  eva l u a t e  seve ra l  
a g i ng t echn i qu e s  and d e t e rm i ne t he be s t  me t hod f o r  ag i ng 
wh i t e - t a i l ed d ee r . Ep i phys ea l fus i on , t oo t h  wea r  and 
r e p l acemen t , ceme n t um annu l i, and c rown h e i gh t  
meas u r ement s  we re eva l u a t ed . C r own he i g h t  m e a s u remen t s  
we r e  found t o  b e  t he b e s t me t ho d  b e c au s e  t hey a r e  
o bjec t i ve ,  e a s y  t o  r e p l i ca t e , and c a n  be u s e d  on i s o l a t e d  
t e e t h . 
S u b s e q u en t l y ,  c rown he i g h t  measu remen t s  we r e  
eva l ua t ed w i t h  a p r e l i m i na ry a n d  an e x panded s amp l e  o f  
wh i t e - t a i l ed d e e r  mand i b l e s . The p r e l i m i na ry and e x p a n d e d  
s am p l e s  we r e  a g e d  w i t h  t o o t h  wea r  and r e p l aceme n t o f  t he 
28 
Too t h  Y - i n t e r c e p t  S l o p e s  
d P 4  1 8 . 52 . 7 3 - . 3 0 
P4 1 8 4 . 8 3 - 3 3 . 1 6 1 .  9 0  
M 1  1 5 7 . 0 4 - 1 6 . 5 5 . 3 6 
M2 1 5 3 . 1 0 - 1 0 . 6 7 . 0 1 
M 3  1 8 5 . 26 - 1 5 . 6 4 . 28 
F i gu re 2 . 7 :  S t a t i s t i c s  f o r  t he Reg re s s i on Equ a t i on f o r  
Ca l cu l a t i ng Age o f  Unknown Wh i t e - t a i l ed Dee r 
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mand i b u l a r  row , and t wo meas u remen t t e chn i qu e s  we r e  
eva l u a t e d . The c rown he i gh t  mea s u r emen t s  i nc l uded t ho s e  
b y  K l e i n  e t  a l . ( 1 9 8 1 ) a n d  Ko i k e a n d  Oh t a i s h i  ( 1 9 8 5 ,  
1 9 8 7 ) . Ba s e d  on c o r r e l a t i on coe f f i cien t s , t he Ko i k e  and 
Oh t a i s h i  ( 1 9 8 5 , 1 9 8 7 ) measu r eme n t  was c h o s en a s  the b e s t 
t e c h n i que . 
A k nown-a ge s amp l e  was i nves t i ga t ed t o  d e t e rm i ne t he 
accu r acy o f  t he t echn i que and t o  d eve l o p a r e g r e s s i on 
equa t i on f o r  d e t e rm i n i n g age o f  wh i t e - t a i l ed d e e r . The 
k n own - age s am p l e  cons i s t ed o f  ove r 1 0 0 mand i b l e s  f rom t he 
M i s s i s s i p p i  S t a t e  Un i ve r s i t y , and accu r acy f o r  p r ed i c t i ng 
age was v e ry h i gh . The equa t i on can be u s e d , w i th t he 
s l ope and con s t an t  i n f o rma t i on g a t h e red f rom t h e  k nown - age 
s amp l e , t o  d e t e rm i ne age of  a s amp l e  of  wh i t e - t a i l e d d ee r . 
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Chapter I I I: 
Mortality Profile Interpretations 
Introduction 
W i l d l i fe b i o l o g i s t s  u s e  l i fe t a b l e s  t o  t ak e  a c e n s u s  
o f  l i v i ng popu l a t i on s  a n d  recons t ru c t  t he numb e r  o f  
i nd iv i d u a l s  i n  va r i ou s  age c l a s s e s  ( Deevey 1 9 4 7 ) . The s e  
recons t ruc t i on s  a re u t i l i z ed b y  w i l d l i f e manag e r s  f o r  
e s t i ma t i n g  t he r a t e  o f  popu l a t i on i nc r e a s e , e f fec t s  o f  
p re d a t i on , po t en t i a l eco l o g i c a l  l ongev i ty , and ove r a l l 
we l l - be i ng o f  a popu l a t i o n ( Causey 1 9 8 9 ; Sad l i e r  1 9 8 7 ) . 
Co l l e c t i ng d a t a  f o r  l i fe t ab l e s  r e q u i r es  c a l cu l a t i ng t he 
s u rv i vo r s h i p  o f  c e r t a i n  age c l as s e s , o r  t ak i ng a c e n s u s  o f  
l i ve a n i ma l s . Howeve r ,  t he l i fe t a b l e  i n f o rma t i o n  i s  
d i f f i c u l t  t o  o b t a i n  i n  a mode r n  s e t t i ng and impos s i b l e  f o r  
p re h i s t o r i c  popu l a t i on s  ( K l e i n  1 9 82a ) . 
Mo r t a l i t y p ro f i l e s  a re be tte r s u i t e d  t o  s t udy i ng 
p re h i s t o r i c  a n i ma l  s pec i e s . Dea t h  a s s emb l ag e s  f rom 
a rchaeo l og i c a l  s i t e s  a r e  u s e d  to recons t ru c t  pa s t  
env i r o nme n t s  and i n fe r  human behav i o r  ( K l e i n  1 9 82 ; K l e i n  
e t  a l . 1 9 8 1 ;  Dav i s  1 9 8 3; Ko i ke and Oh t a i s h i  1 9 8 7; S t i ne r  
1 9 9 0 ) . S t u d i e s  o f  m o r t a l i ty p ro f i l e s  have been ve ry 
us e fu l  i n  d e t e rm i n i ng whe t h e r  ea r l y hom i n i d s  u s ed a 
s c aveng i ng o r  hun t i n g  s t ra t e gy (B l umen s c h i ne 1 9 9 1 ; S t i ne r  
1 9 9 0 , 1 9 9 1 ) .  A l s o , s i t e s e a s o na l i ty can b e  d e t e rm i n e d  
f rom cons t ru c t i ng mo r t a l i t y p ro f i l e s ( Dav i s  1 9 8 3 ; T o d d  
1 9 9 1 ) .  Th i s  i n f o rma t i on i s  u s e fu l  i n  i n t e r p r e t i n g  t he 
3 1  
fauna l ma t e r i a l  f rom a rchaeo l o g ica l s i t e s . 
Mortality Profiles 
Mo r t a l i t y p ro f i l e s  e s t ima t e  t he numbe r o f  i nd i v i d ua l s  
a t  c e r t a i n  ages and compa re t he s e  numbe r s  t o  d e t e rm i ne i f  
t he popu l a t i on r e s em b l e s  a u - s haped , l i v i ng - s t ruc t u re , o r  
p r i me - dom i na t ed d i s t r i bu t i o n  ( Dav i s  1 9 8 7; Deevey 1 9 4 7; 
F r i s o n  1 9 8 4; K l e i n  1 9 8 2 b; Lyman 1 9 8 4 ; Save l l e and 
McCa r t ney 1 9 9 1 ;  S p i nage 1 9 7 2 ;  S t i ne r  1 9 9 1 ) .  Mo r t a l i t y 
p a t t e r n s  mu s t  a s s ume t ha t  t he a rchaeo l og i c a l  s amp l e  i s  
r e p r e s en t a t i ve o f  t he bone ma t e r i a l  o r i g i na l l y  d e p o s i t ed 
at a s i t e and rep r e s en t a t i v e  o f  t he hun t i ng s e l ec t i on o f  
t he p reh i s t o r i c  popu l a t i on ( Ma l t by 1 9 8 2; Spe t h  1 9 9 1 ) .  
A u - s haped , o r  a t t r i t i ona l , d i s t r i bu t i on d e sc r i be s  
t he a g e  s t r uc t u re f o r  a n i m a l  s pec i e s  bea r i ng o n e  young p e r  
yea r  ( s ee F i gu re 3 . 1 ) . The s e  p ro f i l e s  a re b imod a l , w i t h  
m o r e  d e a t h s  occu r r i ng i n  t he ve ry young and ve ry o l d  age 
c l as s e s  ( Mo n k s  1 9 8 1 ) .  A t t r i t i ona l m o r t a l i ty p ro f i l es 
r e s emb l e  n a t u r a l  d e a t h s  o f  a n i m a l s ,  w i t h  peak d e a t h s  i n  
the very young and very o l d  i n d i v i du a l s  ( Cau g h l ey 1966, 
1 9 7 7 ) . Rema i ns o f  a ni m a l popu l a t i on s  w i t h  a t t r i t i on a l  
mo r t a l i t y p ro f i l e s  r e s emb l e  t he na t u r a l  d e a t h s  w i t h  t he 
weake r  i nd i v i dua l s  mo r e  l i k e l y  t o  be k i l l ed .  Re s e a r c h  o n  
e a r l y  hom i n i d s  sugge s t s  s c avenge r s  a n d  n o n - human p re da t o r s 
gene r a l l y p roduced a t t r i t i on a l  mo r t a l i t y p ro f i l e s  
( B l umen s c h i ne 1 9 9 1 ) .  
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L i v i ng - s t ruc t u r e , o r  s t epped , mo r t a l i t y p ro f i l e s a r e 
s im i l a r  t o  t h e  l ive age s t ruc t u r e o f  popu l a t i on s  w i t h  
nume rous young i nd i v i du a l s , s ome p r i me aged i nd i v i d u a l s ,  
a n d  f ew aged i nd iv i d ua l s  ( s ee F i gu re 3 . 1 ) . L i v i n g 
s t ruc t u re m o r t a l i t y p ro f i l e s a re c h a r ac t e r i zed as t he 
r e su l t o f  c a t a s t roph i c  d e a t h , s i nce na t u r a l  d i s a s t e r s  s u c h  
a s  f l oo d s  a n d  vo l c ano e ru p t i on s  k i l l  mo s t  o f  t h e  memb e r s  
o f  an ima l popu l a t i on s  and l e ave d ea t h  s t ru c t u r e s  s i m i l a r  
t o  t he n a t u r a l  popu l a t i on ( Caughl ey 1 9 6 6 , 1 9 7 7 ) . I n  
a d d i t i on , dea t h s  f r om a n i m a l  d r ives , s u c h  a s  he rd i ng b i s o n  
ove r c l i f f s , c an r e s u l t  i n  l i v i ng s t ruc t u re mo r t a l i t y 
p r o f i l e s  ( F r i s on 1 9 84 ) . The l iv i ng s t ruc t u re p ro f i l e s  a r e 
non - s e l e c t i ve and r e s u l t  f rom i n t e n s i v e , ma s s i ve k i l l s . 
L i v i n g - s t ruc t u re mo r t a l i t y p ro f i l e s  r e p r e s e n t  a c e n s u s  o f  
a l l age c a t e g o r i e s  ( l i v i ng s t ruc t u re o f  a popu l a t i on )  and 
a re found i n  d ea t h  a s s emb l ages t h rough na t u r a l  
c a t a s t rophes and s ome hun t i ng t ec h n i q u e s  ( Caugh l ey 1 9 6 6) .  
A p r i me - dom i na t ed mo r t a l i ty p ro f i l e  r e p r e s en t s  an age 
s t ruc t u re w i t h  mos t l y p r i me - ag e d  adu l t s , and few young a n d  
o l d  adu l t s ( s ee F i gu r e 3 . 1 ) . I n  a d d i t i on , a p r ime­
d om i n a t e d  mo r t a l i t y p ro f i l e  has been cha rac t e r i z ed as 
hav i ng an abundance of p r ime- aged adu l t s ( S t i ne r  1 9 9 0 , 
1 9 9 1 ) .  P r i me - dom i na t ed p ro f i l e s a r e  t he r e s u l t  o f  
s e l ec t i v e  cu l l i ng o f  p r ime - aged adu l t s  f rom a n  an i m a l 
popu l a t i on .  The p r i me - aged adu l t s a re t he h ea l t h i e s t o f  
t h e  h e r d , u s ua l l y a t  o r  n e a r  t he i r  max i mum we i g h t s . 
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A )  
Sub-Adult 96-Aill t 
B )  �.---------------------------------� 
C )  
�.---------------------------------� 
F i gu re 3 . 1 :  A )  At t r i t i on a l , B )  L i v i ng - S t ruc t u re ( a f t e r  
Caugh l ey 1 9 6 6 , 1 9 7 7 ) and C )  P r i me - Dom i na t e d  ( a f t e r  S t i ne r  
1 9 9 0 , 1 9 9 1 ) Mo r t a l i t y P ro f i l e s . 
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Mortality Profile Studies 
Ana l y s e s  o f  age p ro f i l e s  f o r  a n i m a l  popu l a t i on s  a re 
u s e d  t o  d e t e rm i ne s e a s o na l i ty and hun t i ng i n t en s i t y .  
S e a s on a l i t y can be d e t e rm i ned f rom t he va r i a t i o n i n  t he 
young e r  age g roups o f  a p o pu l a t i on . Age and s ex w i t h i n  
popu l a t i o n s  va r i e s  s ea s o na l l y , and t h i s  i n fo rma t i on can b e  
u s e d  t o  make i n fe r e n c e s  abou t t he s e a s on o f  an 
a r chae o l og i c a l  as s emb l age ( Mo n k s  1 9 8 1 ) .  Hun t i ng i n t en s i t y 
c a n  be e x am i ne d  f r om t he pe r c e n t ag e s  o f  a n i ma l s  p r e s e n t  i n  
c e r t a i n  age g roups ( Coe e t  a l . 1 9 8 0 ; Lyman 1 9 8 7 ) . Bo t h  o f  
t h e s e  i nve s t i ga t i on s  a r e  impo r t a n t  f o r  dec i phe r i ng p a s t 
hun t i ng a d ap t a t i on s . 
Dav i s  ( 1 9 8 3 ) e x am i ned t he dea t h  a s s emb l age fo r 
g a z e l l e s  ( Gaz e l l a )  f r om Mou s t e r i an , Au r i gnac i an , and 
Na t u f i an s i t e s  i n  I s r ae l to d e t e rm i ne whe t he r  t he 
p e r c e n t age o f  j uven i l e s  a t  t he d i f fe re n t  s i t e s  rep re s e n t ed 
s e a s ona l hun t i ng ,  o r  hun t i ng t h roughou t t he ye a r . 
Gaze l l e s  b e a r  young i n  t he S p r i ng , and age c l a s s e s  b a s e d  
on young j uv e n i le s  ( 1 - 5  mon t hs ) ,  ave rage j uv e n i l es  ( 6 - 1 0  
m o n t h s ) ,  and o l d  j uveni l e s  ( 1 1 - 1 5 mon t h s ) reve a l ed t ha t  
Mou s t e r i an and Au r i gnac i an pe r i od s i t e s  had h i ghe r 
p ro po r t i on s  o f  gaze l l e s  i n  t he m i d d l e  age c a t ego ry , 
s u g ge s t i ng a w i n t e r  hun t i ng s ea s o n . The Na t u f i an pe r i od 
s i t e was q u i t e  d i f f e ren t ; a l l j uven i l e  age c l a s s e s  we re 
p r e s e n t i n  h i gh p ropo r t i on s , wh i c h  i n d i c a t ed a mo r e  
s e d en t a ry , a l l -s e a s on hun t i ng s t r a t egy . 
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Tu r n e r ( 1 9 8 5 ) exam i ned an age p ro f i l e  o f  ex t i nc t 
s p r i ngbok ( An t i d o r c a s  bond i ) f rom t he Swa r t k r a n s  Hom i n i d  
s i t e t o  d e t e rm i ne i f  t he s e  a n i ma l s  we r e  b e i ng hun t ed 
s ea s on a l l y .  A f t e r  a s s um i ng an Oc t o be r b i r t h  d a t e  f o r  
s p r i ng bok , Tu rne r ( 1 9 8 5 ) d e t e rm i ned t h a t  Swa r t k rans Memb e r 
2 was d e p o s i t ed d u r i ng t he s umme r m o n t h s . The s e  s t u d i e s  
i n d i c a t e  t ha t  u t i l i z i ng age p ro f i l e s  f o r  d e t e rm i n i ng 
s e a s o na l i ty o f  a r chaeo l o g i c a l  s i t e s  can p rove va l u ab l e . 
Age p r o f i l e s  can a l s o be u s e f u l  f o r  d e t e rm i n i ng t he 
h u n t i ng i n t en s i ty on a n i m a l  popu l a t i on s . Hun t i ng p re s s u re 
can p r oduce va r i a b l e  age d i s t r i bu t i on s  w i t h i n  popu l a t i on s , 
e i t he r  d i r e c t l y ( t h rough age-spec i f i c  cu l l i n g ) , o r  
i nd i r ec t l y ( t h rough changes i n  t he popu l a t i on s t ruc t u re 
f rom hun t i ng ) ( Coe e t  a l . 1 9 8 0 ; M i t c he l l 1 9 8 9 ) . Ko i k e  a n d  
Oh t a i s h i  ( 1 9 8 7 ) e x am i ned t h e  s h i f t i n  hun t i ng i n t e n s i t y o n  
s i ka d e e r ( Ce rvus n i ppon ) f o r  t h r e e  cu l t u ra l  pe r i od s  i n  a 
J ap a n e s e  s he l l  m i d d en . The age p ro f i l e s  f o r  t he ea r l i e s t 
p e r i od s u gg e s t  a p redom i nance o f  adu l t s i k a  d e e r , w i t h  a 
hun t i n g  r a t e  o f  f i ve p e r c en t . The m i d d l e  pe r i od s hows a 
m a r k e d l y  i nc r e a s e d  hun t i ng r a t e  o f  f i f t e en pe r c en t , and an 
age p ro f i l e  w i t h  a p r edom i nance o f  fawn s . F i na l l y , t he 
l a t e s t  pe r i od i nd i c a t e s  a s l i gh t  dec r e a s e  i n  hun t i ng 
i n t en s i ty t o  t e n  p e r c e n t  and an age p ro f i l e  w i t h  abun d a n t 
j uv en i l e s . 
Mi t c he l l  ( 1 9 8 9 ) con du c t ed a s tu d y  on a mode rn dea t h  
a s s em b l age o f  wh i t e - t a i l e d d e e r i n  Tenne s s ee t o  de t e rm i ne 
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t h e  i n f l u ence o f  hu n t i ng on a p rev i ou s l y  p r o t ec t e d 
p o pu l a t i on . The r e s u l t i ng age and s ex p ro f i l e s fo r 2 , 506 
d e e r  h a rve s t e d  f rom 1 9 8 5  to 1 9 8 8  revea l ed t ha t  t he 
p ropo r t i on o f  yea r l i n g s  s t ead i l y i nc r e a s e d  d u r i ng t h i s  
fou r y e a r  pe r i od , wh i l e t he p ropo r t i o n  o f  adu l t s  
dec r e a s e d . Es t ima t e s  we r e  b a s e d  on t he med i an eco l o g i c a l  
l ongev i t y , wh i ch i s  t he r e l a t ive cumu l a t i ve f r e quency o f  
d e e r  reg r e s s e d  aga i n s t  age . The median e c o l og i c a l  
l ongev i t y o f  h a rve s t e d  d e e r  dec r e a s ed f r om two and a h a l f 
t o  one and a h a l f yea r s . Ha rve s t  o f  ye a r l i n g  buck s 
i nc r e a s e d , wh i l e f r equenc i e s  o f  adu l t  bu c k s  d ec reased ; a n d  
y e a r l i ng doe h a rve s t  i nc r e a s e d , wh i l e  adu l t  doe 
f r equenc i e s  dec reased . M i t c he l l ( 1 9 8 9 ) conc l uded t h a t  
hun t i ng a f f ec t s  t h e  a g e  a n d  s e x  compos i t i on o f  a 
popu l a t i on .  Fo r examp l e , even when hun t e r s have a b i a s  
t owa r d s  a du l t  buc k s , a l l ages and s e x e s  a re a f fec t e d , and 
hun t e r s  l o s e  s e l ec t i v i ty a s  ava i l ab i l i t y of  p re f e r red 
an i ma l s  dec r e a s e s . 
A s tu d y  conduc t e d  by S t i n e r  ( 1 9 9 0 ) u t i l ized 
mo r t a l i t y p a t t e rn s  t o  de t e rm i ne t he impo r t ance of 
ungu l a t e s  i n  hom i nid adap t a t i ons . S t i ne r  ( 1 9 9 0 : 3 0 7 ) 
a rgued t h a t  i t  i s  ne c e s s a ry t o  und e r s t and t h e v a r i ab l e s 
a f fec ting mo r t a l i t y  p a t t e rn s , such a s  va r i an c e  i n  t he 
ec o l ogy o f  p reda t o r s  and p rey . D i f fe r e n c e s  be tween 
d i f fe re n t  p r e d a t o r s  and n a t u r a l l y - i nd u c e d  mo r t a l i t y 
p a t t e r n s  i nd i c a t e  t h a t  human s  a r e t he o n l y  p re d a t o r  t ha t  
3 7  
gene ra l l y p roduce mo rta l i ty patte r n s  w i th m o r e  p r i me - a g e d  
adu l ts ( St i n e r  1 9 9 0 : 3 1 6 - 3 1 7 ) .  Th i s  phe nomenon can be 
app l i ed to d ete rm i ne the agency of accumu l at i on f o r  
a s s emb l ag e s  o f  ungu l ates . F o r  ex amp l e , o l d  and young ­
b i a s e d  age p ro f i l e s  s u g g e s t  s c aveng i ng , wh i l e  p r i m e ­
d o m i nated p ro f i l e s  i nd i cate ambu s h  hunti ng . 
Population Biology 
Seve r a l  a reas o f  wh i te - ta i l e d  d e e r  b i o l ogy a re 
i m p o rtant to unde r stand f o r  construct i ng mo rta l i t y 
p ro f i l e s . F i r s t , the r e p roductive cyc l e  o f  f ema l e  d e e r  
b e g i n s w i th the f i r s t  ovu l at i o n  a round 1 2  months o f  age 
( Wo o l f and Ha r d e r  1 9 7 9 ) . Sec ond , wh i te - ta i l e d  d e e r 
ovu l ate i n  Novembe r and Decembe r ,  have a g e s tation pe r i od 
o f  1 9 9 to 20 7 days , and u s ua l l y  g i ve b i rth to one o r  two 
fawn s i n  the Sp r i ng ( Sad l i e r  1 9 8 7 ) . T h i r d , Chapman and 
Fe l d hame r ( 1 9 82 ) d ocument that fawn s are b o rn 
p re d om i nantly i n  May and June i n  No rth Ame r i ca . Some 
va r i ab i l i ty d o e s  exist and f awns f rom A l abama , Lou i s i an a , 
and M i s s i s s i p p i , f o r  e x amp l e , have been documented a s  
be i ng b o r n  a s  l ate a s  Octobe r ( Cau s ey 1 9 8 9 ) . A study o f  
juv e n i l e d e e r  f r om A l abama s howed that the d i f fe r e n c e s  i n  
we i ght and d eve l opment o f  fawns bo rn b e f o r e Ju l y  and a fte r 
J u l y  we r e  s l i ght ( Causey 1 9 8 9 : 7-8 ) . I n  othe r wo r d s , the 
f awn s b o r n  l ate r i n  the ye a r  we re ab l e  to ' c atc h u p' to 
f awns b o r n  e a r l i e r  i n  the ye a r . F i n a l l y , w h i te - ta i l ed 
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d e e r  a r e  c l a s s i f i e d a s  po l y t ocous b rows e r s , and g i v e  b i r t h  
t o  f awns we i g h i ng 2 . 5 t o  4 . 0 k i l o g rams ( Bu nn e l  1 9 8 7 ) . 
The t o o t h  e r up t i on and r e p l a c em e n t  s c h e d u l e s f o r  
wh i t e - t a i l e d  d e e r  we r e  b a s e d  on Seve r i nghaus ( 1 949 ) and 
Schwa r t z  and Schwa r t z  ( 1 9 64 ) . Lo s s  o f  t he d e c i d uous 
f o u r t h  l owe r p r emo l a r  t ak e  p l ace at  app rox i ma t e l y  1 7  
m o n t h s . The e ru p t i on age s f o r  t h e  pe rmane n t  f i r s t  a n d  
s e cond l owe r mo l a r s  a r e  5 mon t hs and 8 mon t h s  
r e s pec t i ve l y . The ave rage l ongev i ty o f  wh i t e - t a i l ed d e e r  
i s  e s t ima t e d  a s  1 5 0 mon t h s  i n  t he w i l d , a l t hough t hey c a n  
l i v e  u p  t o  1 8 0  mon t h s  i n  ca p t i v i t y . 
De t e rm i n i ng t he age o f  i n d iv i du a l s  a t  dea t h  i n  a 
popu l a t i on o f  wh i t e - t a i l ed d e e r a s soc i a t e d  w i t h  a 
p re h i s t o r i c  s i t e has i mpo r t a n t  i mp l i c a t i on s . Know i ng t he 
age p r o f i l e  o f  t he d e e r  popu l a t i on wou l d  a l l ow 
a rc hae o l og i s t s  to  unde r s t and how t he p re h i s t o r i c  
popu l a t i on e x p l o i t ed d e e r he r d s . Fo r i ns t an c e , an 
a t t r i t i on a l  age p ro f i l e  wou l d  s how t h a t  t he p r eh i s t o r i c  
popu l a t i on ex p l o i t e d  t he weak e r  young and v e ry o l d  a n i ma l s  
ra t he r  t han t he s t r ong , ma t u r e an i ma l s . Pe rhaps t his 
wou l d  be t he case i f  t he p r e h i s t o r i c  popu l a t i on d i d  n o t  
have t he t e c hn o l o g i c a l  o r  o r gan i za t i on a l  capac i ty t o  
s u c c e s s fu l l y hun t  d own an ima l s  i n  t he i r  p r i me . B r oad 
s t u d i e s  such a s  t h i s  wou l d  be o f  g re a t  use to reg i on a l  
a rc haeo l og i c a l  s t u d i e s . 
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Conclusion 
Mo r t a l i t y p ro f i l e s a r e u s e fu l  t o  Zooa r c haeo l og i s t s  
f o r  unde r s t and i ng a n i m a l  popu l a t i on c hange s . S t ud i e s  o f  
p r eh i s t o r i c  an ima l popu l a t i on s  u s e  mo r t a l i t y  p r o f i l e s t o  
d i s c ove r c hanges i n  s ea s ona l i t y and hun t i ng i n t e n s i t y i n  
t h e  a rchaeo l og i ca l  r e c o r d . De t e rm i n i ng a g e s  o f  young 
an i ma l s  fo r mo r t a l i t y p ro f i l e s  can l ead to conc l u s i on s  
abou t s ea s ona l u s e  o f  a n i ma l s . F i na l l y , m o r t a l i ty 
p ro f i l e s d eve l oped f o r  hun t i ng i n t en s i t y can answe r 
q ue s t i on s  abou t hun t i ng t echn i qu e s  and an i m a l  s e l ec t i on . 
Mo r t a l i t y p r o f i l e s  a r e  i n t e rp re t ed a s  e i t h e r  u ­
shaped , l i v i ng - s t ruc t u re , o r  p r i me - d om i na t ed . The s h a p e  
o f  t he p ro f i l e  can t he n  be u s e d , i n  conj u nc t i on w i t h  
popu l a t i o n b i o l ogy i n fo rm a t i on , t o  d e t e rm i ne whe t h e r  t he 
mo r t a l i ty i s  n a t u r a l  o r  c u l t u r a l , and i f  cu l t u ra l , t he n  
wha t t y p e s  o f  hun t i ng p re s su r e a r e  be i ng app l i e d .  Once 
mo r t a l i ty p ro f i l e s  of a p reh i s t o r i c  an ima l popu l a t i on a r e  
u n d e r s t ood , r e s ea rche r s  c an d r aw c o nc l u s i on s  abou t t he 
peo p l e  s u b s i s t i ng on t he s e  p rey s pe c i e s . 
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Chapter IV : 
Shell Mi ddens Investigations 
Introducti on 
She l l  m i d den d e p o s i t s  a re impo r t an t  a r eas f o r  
a rc haeo l og i c a l  i nves t i ga t i o n due t o  t he i r  wo r l d - wi d e  
occu r rence i n  bo t h  coa s t a l  a n d  r ive r i ne e nv i r onmen t s , 
t h r oughou t a l ong pe r i od o f  human c u l t u ra l  d eve l opmen t .  
She l l m i d d e n s  have been d o c umen t ed i n  bo t h  t h e  New and O l d  
Wo r l d  i n  p l ac e s  s u c h  a s  Aus t ra l i a , New Zea l and , Spa i n ,  
J apan , t h e  Pac i f i c  I s l an d s , and Coas t a l  and I n t e r i o r  No r t h  
and Sou t h  Ame r i ca ( B rennan 1 9 7 7 ; Cec i 1 9 7 7 ; F o s t e r  1 9 7 5 ; 
Sange r 1 9 8 1 ; Ko l o s e i k e  1 9 7 0 ; Wa s e l k ov 1 9 82 ) . The e a r l i e s t  
k nown s he l l  m i d d e n  i s  Te r r a  A rm a t a ,  Sp a i n , d a t i ng t o  
3 0 0 , 0 0 0  B . P . ; o t he r s  i nc l ud e  t he Good Hope r o c k s he l t e r s 
( 7 0 , 0 0 0 - 6 0 , 0 0 0  B . P . ) ,  and t he Mou s t e r i an p e r i o d s he l l 
d e p os i t s  ( 4 5 , 0 0 0-4 1 , 0 0 0  B . P . ) ( Wa s e l k ov 1 9 82 ) . 
Re s e a rc h  on s he l l  m i d d e n s  has changed ove r t h e  p a s t 
20 0 ye a r s . I n  t he 1 7 0 0 s , s he l l  m i d d e n s  we r e  t hou g h t  t o  be 
n a t u r a l  accumu l a t i on s  of mo l l u s c s , bu t by the 1 8 0 0 s  i t  was 
acc e p t ed t ha t  s he l l  m i dd e n s  we r e  cu l t u r a l  d e p o s i t s 
( Wa s e l k ov 1 9 82 ) . Mo s t  r e s e a r c h e r s  i n  t h e  l a t e  1 8 0 0 s , s u c h  
a s  J e f f r i e s  Wyman a n d  C . B .  Moo re , we re conce rned w i t h  
b i s ec t i ng and d e s c r i b i ng t h e  s t ra t i g raphy o f  t h e  s he l l  
m i d d e n s  t hey encou n t e red ( Cum baa 1 9 7 6 ) . Du r i ng t he e a r l y  
1 9 0 0 s , a rc haeo l og i s t s ' p r ima ry i n t e re s t was t o  exc ava t e  
t h e  we l l - p r e s e rved human s k e l e t a l  rema i ns and a s soc i a t e d  
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a rt i facts o ften found i n  s he l l  m i d d e n s . 
Late r , an  i nte re s t  g rew i n  s h e l l f i s h quant i f i cat i on 
f o l l ow i ng the " Ca l i fo r n i a" s c h o o l  of a r c hae o l ogy ( C l aa s e n  
1 9 8 6 ) . A rc haeo l ogy i n  the m i d- 1 9 0 0 s  p l ayed a r o l e  i n  
pa l eoenv i r onmenta l r e c o n struct i on wi th s he l l  m i d d e n  
r e s e a rch ( Matte son 1 9 6 0 ; Mo r r i s o n  1 9 42 ) . Du r i ng t h e  1 9 7 0 s  
and 1 9 8 0 s  r e s e a rche r s  e x am i ne d  s he l l f i s h i n  p re h i sto r i c  
e c onom i e s  b y  d ete rm i n i ng its d i eta ry i mpo rtance i n  te rms 
of ca l o r i e s , p rote i n , and c a r bohyd rate cont r i but i on 
( An d e r s o n  1 9 8 1 ; B r o s e  1 9 72 ;  C l aasen 1 9 8 6 ; E r l an d s on , 1 9 8 8 ; 
and Pa rma l ee and K l i ppe l 1 9 7 4 ) . S e a s o n a l i ty and 
pa l eoenv i r o nmenta l reconstruct i on we r e  a l s o a maj o r  pa rt 
o f  s he l l  m i d d e n  i nve s t i g at i on s  ( Be rn s te i n  1 9 9 0 ; K i l l i ng l ey 
1 9 8 1 ; Ko i ke 1 9 7 9 ; Wa r re n  1 9 9 1 ) .  Cu r rentl y ,  oth e r a re a s  o f  
i nv e st i g at i on such a s  geoa rchaeo l ogy , pa l eoethnobotany , 
l ith i c  ana l y s e s , and z o o a r c h a e o l ogy a re u s e d  to dec i p h e r  
the comp l i cated patte r n s  p r e se nt i n  p reh i sto r i c  s he l l  
m i d d e n s . 
Th i s  c ha pte r w i l l  i nve s t i gate reg i on a l  stu d i e s  o f  
she ll mid d ens f rom t h e Mid - south . I n  ad dition , r ese a r c h  
at the Hayes s ite , a M i d - s outh s he l l m i d d e n  w ith 
p re d om i nant l y  Archa i c  pe r i od oc cupati ons , w i l l  be 
i nv e s t i gate d . Re s ea rch at th i s  s ite has i nc o rpo rated a 
b r oa d  s c a l e  o f  ana l y s e s  to i nte rp ret the p re h i sto r i c  
behav i o r s a s s oc i ated w i th the occupat i o n . 
4 2  
Regiona l Studies from the Mid - South 
She l l  m i d d en i nv e s t i ga t i on s  i n  t he M i d - s o u t h  have 
been e s t ab l i shed s i nc e  19 1 5 , w i t h  t h e  wo rk of C . B .  Moo r e , 
a n d  have co n t i nued t o  be o f  i n t e re s t  i n  t he 19 9 0 s . The 
focus on A rcha i c  pe r i od s he l l  m i d d e n s  has s h i f t ed f r om 
bu r i a l  e x c av a t i ons and d e s c r i p t i on s  t o  unde r s t and i ng t h e  
r e l a t i on s h i p  be tween A r c h a i c  pe r i od s he l l m i d d en dwe l l e r s  
and t he i r  env i ronmen t .  Th i s  s h i f t  can b e  s een i n  t he 
r e po r t s , a r t i c l es , and book s pu b l i s he d  on s he l l  m i d d en 
e x c ava t i on s . Some o f  t he s e  s i t e s  i nc l u de : P i ckwi c k  Bas i n  
s he l l  m i d d e n s  ( We b b  and DeJ a r ne t t e 1942 ) , McLean Coun t y , 
Ken t ucky a rc ha i c  s i t e s  ( Webb and Haag 19 47 ) , I nd i an Kno l l  
( We b b  19 74 ) , C a r l son Ann i s  ( Webb 19 5 0 ) , Eva ( Lew i s  and 
Lew i s  19 6 1 ) ,  E rv i n  ( Ho fman 1 9 8 4 ) , and Hayes ( Ho fman 19 8 5 ;  
Mo rey 19 8 8 ) .  
The P i c k w i c k  Bas i n  s i t e s  we r e  s ome o f  t he f i r s t  
s y s t ema t i c a l l y  excava t e d  A r c h a i c  p e r i od s he l l  m i d d e n s  i n  
t he M i d - s ou t h . The wo r k  i n  t h e  b a s i n  p rog r e s s ed a l ong t h e  
T e nn e s s e e  R i v e r  and uncove red a p p rox i ma t e l y  n i ne s he l l  
h e a p s . The s e  s he l l  heaps we r e  t hou g h t  t o  be u nu su a l ,  and 
i n t e re s t i nc r e a s e d  a s  l a rge numbe r s  of  bu r i a l s  we r e  found 
wi t h i n  t he s he l l  m i d d e n s . The McKe l vey mound , l oc a t e d 
a l ong t he Tenne s s e e  R i v e r , was s a i d t o  be e rec t e d on an 
o l d  v i l l age l aye r and con t a i ne d  much s he l l , bone 
a r t i f ac t s , bu r i a l s , and c l ay - g r i t p o t t e ry ( We b b  and 
DeJ a rn e t t e  1942 ) . Sm i t hs on i a  Land i ng was an e x t en s i ve 
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s he l l  m i d d e n  n e a r  p r e s en t - d ay F l o r ence , A l abama . Th i s  
m i d d e n  ex t e nd e d  f o r  2 5 0  f e e t  i n  l eng t h , 1 2 5  fee t i n  w i d t h , 
and 1 2  fee t i n  d e p t h .  Seve r a l  bu r i a l s  we r e  uncove r e d  f rom 
t h e  m i d d e n  u n i t s , as we l l  as 1 4 1  l i mes t one p o t s h e rd s . The 
Pe r ry s i t e ,  even l a rge r t han t he Sm i t h s o n i a  Land i ng s i t e , 
was app rox i ma t e l y  3 0 0  fee t l ong , 20 0 fee t w i d e  and 1 0  f e e t  
h i gh . The empha s i s  i n  excava t i ng t h i s  d e p o s i t  was o n  
d e f i n i ng t he s t ra t i g r aphy , s o  a t rench was e xcava t e d  
t h rough t he m i dden and s eve r a l  l aye r s  we r e  d e f i ned . 
P r edom i nan t ly , t he l aye r s  cons i s t e d  o f  d a rk c l ay/ l oam 
l aye r s  be t ween l ay e r s  o f  many s he l l f i s h rema i n s , bone and 
s t one a r t i fac t s  and bu r i a l s . Ove r 1 8 0  bu r i a l s  we r e  removed 
f rom t he s i t e ,  i nc l u d i ng 20 dog bu r i a l s . 
The commona l i t i e s  among a l l  o f  t he s he l l m i d d e n s  
p romp t e d We b b  a n d  De J a r ne t t e ( 1 9 4 2 ) t o  d e f i ne t he " S he l l  
Mound C om p l ex . "  Gene r a l  t ra i t s  o f  t h i s  c omp l ex i n c l u de 
s he l l  moun d s  a s  hab i t a t i on s i t e s , f i r e h e a r t h s on c l ay 
f l oo r s , s c a t t e red po s tmo l d s , r i ve r pebb l e s b roken by h ea t , 
and f i r e b a s i n s  l i ned w i t h  r i v e r  c o bb l e s . Bu r i a l  t ra i t s  
we r e  d e f i ned a s  bu r i a l s  w i t h i n  t he mound s , bu r i a l s  w i t ho u t  
a r t i f ac t s , and p a r t i a l l y and fu l l y f l ex e d  bu r i a l s .  
Techno l og i c a l  t r a i t s  i nc l ud e d  c i rcu l a r  hamme r s t on e s , f l i n t  
b l a d e s , w i d e - s t emmed p rojec t i l e po i n t s , f l i n t  d r i l l s , 
an t l e r  d r i f t s , t u r k ey bone aw l s ,  and cy l i nd r i c a l  bone 
need l es . 
The ma t e r i a l  f r om t he P i c k w i c k  Bas i n  was u t i l i ze d  i n  
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s ome ana l y s e s  to  ga i n  a be t t e r  unde r s t an d i ng o f  t h e  n ew l y  
d e f i ned s he l l  mound comp l ex . Mo r r i s on ( 1 9 42 )  ana l yz e d  a 
s am p l e  o f  mo l l u s c s  r e c ove red f rom t he s he l l  mid den s i t e s . 
He con c l u d e d  t ha t  t h e  mound s we re con t empo raneous . 
con t a i ned a v a r i e t y  o f  p e l ecypod and g a s t ropod s pecie s , 
we r e  l oc a t ed n e a r  shoa l s  i n  t he rive r ,  and s u r roun d e d  by 
f o r e s t e d  f l ood p l a i n s . 
The G reen Rive r a r ea o f  Ken t u c k y  i s  a l s o k nown f o r  a 
p re dom i nance o f  s he l l  m i d d en s i t e s . We bb and Haag ( 1 9 4 7 )  
u n d e r t ook r e s ea r ch o f  McLean Coun t y , and l o c a t e d fou r 
s i t e s i n  a c l ose r ad i u s . Two o f  t he s e  s i t e s  we re l a rge 
s he l l  mid d en s . The Ba r r e t t  s i t e  was l o c a t ed on Pond 
R i ve r , app rox i ma t e l y  1 2  mil e s f r om t he G reen R i ve r . Th i s  
s i t e was c i rcu l a r , a p p r o x i ma t e l y 3 0 0  f e e t i n  d i ame t e r , and 
t h ree to e i gh t  fee t d e e p . The t echn i qu e  u s e d  for 
e x c ava t in g  t h i s  m i d d e n  e n t a i l e d s t ak i ng t he a rea in t e n ­
f o o t s q u a r e s  and e x c ava t i ng i n  one - foo t l eve l s . Fea t u r e s  
d i s c ove red i n  t he m i d d e n  i nc l ude f i r e p l a c e s , caches o f  
a r t i f ac t s , re fuse p i t s , and c l ay f l oo r s . Ove r 4 0 0  bu r i a l s  
we r e  r e cove red f rom a two f o o t  l aye r o f  d e p o s i t , and 
con t a i ned 2 3 7  adu l t s , 4 1  ch i l d r en , and 1 0 1  i n fan t s . Mo s t  
o f  t he bu r ia l s  we re f l exed w i t h i n  round g r ave s , bu t a f ew 
we r e  p a r t ia l l y f l exed o r  ex t ended , d i s t u rbed , i ncom p l e t e , 
o r  s ku l l s  o n l y . 
The s econd she l l  m i d d e n  s i t e , t he Bu t t e r f i e l d  s i t e , 
was a l s o o f  i n t e re s t t o  t he i nves t i ga t o r s . Th i s  s i t e was 
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1 2 0 0  fee t l ong and 1 5 0 fee t w i d e, and con t a i ned va s t  
amoun t s  o f  s he l l  i n  add i t i on t o  s ome b u r i a l s  and fea t u re s . 
The a r t i fa c t s  recove red f rom t he s i t e we re d e s c r i bed a s  
" t h e  u s u a l  t y p e s  f o u n d  i n  t h e  s he l l - mound comp l e x" ( We b b  
and H a a g  1 9 4 7 : 3 4 ) . I n  s h a r p  co n t r a s t t o  t he s he l l m i d d e n  
s i t e s , t he Sm i t h s i t e w a s  a sma l l  r o c k s he l t e r  s i te l o c a t e d 
o ne - ha l f m i l e  f rom t h e  G r een R i ve r . Th i s  s i t e con t a i ne d  a 
few r ema i n s  o f  an i m a l  bone , f l ak e s , and s he l l s . Ano t he r  
sma l l  s i t e ,  t he Reyne r s on s i t e , was d e f i ned a s  a sma l l  
c am p s i t e ,  occu p i e d  f o r  a s ho r t  amoun t  o f  t i me . 
The s e  fou r s i t e s  l e d t he i nves t i ga t o r s  t o  d raw s ome 
conc l u s i on s  abou t t he s e t t l emen t p a t t e rn o f  t he s he l l 
mound comp l ex peop l e  i n  McLean Coun t y . We b b  and Haag 
( 1 9 4 7 )  conc l u d e d  t ha t  a l l four s i t e s  a r e f rom occupa t i on 
o f  a s i ng l e  g roup o f  peop l e , and t he i r c u l t u r e c omp l ex w a s  
non - p o t t e ry and non- ag r i cu l t u r a l . T h e  s he l l  m o u n d s  we re 
occ u p i ed mo s t  of t h e yea r , and in t im e s  of h i gh wa t e r  t he 
i nh ab i t an t s  we re d r i ven t o  t he roc k s he l t e r s t o  c amp 
pe r i od i c a l l y .  The ma t e r i a l  a s s oc i a t ed w i t h  t he s e  g roups 
was of  t he A r c h a i c  pe r i od . 
Ca r l s on Ann i s  mound , l oc a t ed i n  Bu t l e r  Coun ty , 
Ken t ucky a l ong t he G r een R i ve r , i s  a l a rge d e p o s i t  
i nve s t i ga t ed by We bb ( 1 9 5 0 ) . Th i s  s i t e was app rox i ma t e l y  
3 5 0  fee t l ong , 3 0 0  f e e t  w i d e , and s even and a ha l f  fee t 
d e e p . Excava t i ons we re conduc t e d by t r enc h i ng t he s i t e 
w i t h  an e a s t -we s t  t r ench , and t hen s t ak i ng t he r e s t o f  t h e  
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s i t e i n t o  f i ve foo t s q u a r e s  and remov i ng t he ma t e r i a l  i n  
ha l f  f o o t  l eve l s . A va r i e t y o f  fea t u re s  we r e  uncove r e d , 
s u c h  a s  f i re h e a r t h s , r o c k  l i n ed f i re b a s i n s , bu rned c l ay 
f l oo r s , s t o rage and re f u s e  p i t s , and c a c h e s  o f  pe s t l e s , 
hamme r s t o ne s , dee r a n t l e r s , che rt b l ad e s , s h e l l s , and 
s an d s tone t ab l e t s . T h r e e  hund red and n i ne t y human bu r i a l s  
and twen t y - e i ght dog bu r i a l s we re recove red f rom t he 
m i d d e n , but t he p re s e rva t i on was poo r s o  o n l y  bu r i a l s  w i t h  
a rt i fac t s  a s s o c i a t e d  w i t h  them we re c l eaned and mea s u red . 
I nte re s t i n  a r t i fac t s  s u c h  as f i s h hook s and a t l a t l s  
l ed We bb ( 19 5 0 ) t o  d eve l op c h rono l o g i e s  f o r  t he s e  rema i n s . 
F i s h hook s a p p e a r  f i r s t  a s  manu fac t u r e d  f rom d e e r  
pha l anges , t hen d r i l l ed f i s h hook s t ak e  p re c e d ence , o n l y  
t o  b e  re p l aced by bodk i n  f i s h hook s i n  l a t e r  occupa t i on s  
o f  t he s i t e . The d e e r  pha l anx f i s h hook s a r e  n o t  a s  
common a t  Ca r l s on Ann i s  a s  t hey a r e  f rom s he l l  m i d d en 
s i t e s  i n  A l a bama . A t l at l s  f i r s t  appea r ,  t he n  s t on e  and 
p r i smo i d a l  we i ghts a r e added to t he s ha f t , f i na l l y  t he a l l 
wood e n  s h a f t  i s  found w i t h  p r i smo i d a l  s t on e  weigh t s  w i t h  
hook s . The c h rono l og i e s o f  f i s h hoo k s  and a t l a t l s  we r e  
d eve l oped f rom the l oc a t i on o f  t h e  a r t i f ac t s  w i t h i n  t he 
s t r at i g r aphy o f  t he s i te . 
We bb ( 19 5 0 ) was a l s o i n t e r e sted i n  ' med i c i ne bag s ' 
owned by p reh i s t o r i c  i nh ab i t an t s  o f  t he s he l l  m i dd e n  
s i t e s . C a r l s o n  Ann i s  mound e x c avat i o n s  r e cove red a numbe r 
o f  sma l l mamma l j aws t h a t  had been cu t ,  and i t  was t houg h t  
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t ha t  t he s e  r e p re s en t ed t he med i c i ne bags f i r s t  reco r d e d  by 
Ca t l i n in 1 84 1 . Ca t l i n n o t e d  t h a t  the I nd i ans he 
encoun t e r e d  c a r r i ed med i c i ne bags con t a i n i n g t he j aw b o n e s  
o f  an ima l s  s u c h  a s  bobc a t , m i n k , ma r t en s , d o g s , 
g roundhog s , and rabb i t s . We bb ( 1 9 5 0 )  conc l ud e d  t h a t  t h e  
j aw s  o f  s im i l a r  an i m a l s  found a t  C a r l s o n  Ann i s , o f t e n  
a s s oc i a t e d  w i t h  bu r i a l s , we r e  r e p r e s e n t a t i ve o f  med i c i ne 
b a g s . 
I nd i an Kno l l was a s he l l mound l oc a t e d  a l ong t he 
G r een R i ve r i n  Ken t u cky . Th i s  moun d  con t a i ned a l a rge 
numbe r of human bu r i a l s ,  exc ava t ed by b o t h  C . B . Mo o re and 
W . S .  We bb ( We b b  1 9 74 ) . A l mo s t 120 0 bu r i a l s  we re r emove d 
f rom I nd i an Kno l l ,  an a rea on l y  4 5 0  fee t l on g , 220 f e e t 
w i de and 5 fee t deep . I n  1 9 1 5 ,  C . B .  Moo r e  managed t o  
r emove 2 9 8  bu r i a l s  i n  22 d ay s  w i t h  a c rew o f  e i gh t  men . 
I t  was expe c t ed t h a t  much o f  t he mound wou l d  have been 
d e s t royed by t he remova l of s o  many bu r i a l s , bu t t r enc h i ng 
by We bb ' s  c rew reve a l e d o n l y  a sma l l p o r t i on had been 
d amaged . Mo s t  o f  t he bu r i a l s we r e  round g rave bu r i a l s  
con t a i n i ng f l exed i nd i v i d ua l s . 
The t ra i t  l i s t s  we re a l s o  accompan i ed by a l i s t i ng o f  
s ome o f  t h e  r e fu s e  a n i m a l  bone recove red f rom t he u n i t s . 
Wh i t e - t a i l ed d e e r  was by f a r  t he mo s t  abundan t s p ec i e s ; 
abou t 23 , 7 5 6  s p ec i me n s  we re i d en t i fied a s  d e e r  ou t o f  a 
t o t a l  o f  2 5 , 7 5 6  r ema i n s , bu t t h i s  may be r e f l e c t  recov e ry 
t echn i qu e s . O t he r  s pec i e s  r e p r e s e n t e d  i nc l u d e  raccoon , 
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opos sum , dog , g round hog , s q u i r re l , fox , be ave r ,  bea r , 
s k u n k , c h i pmunk , m i n k , rabb i t ,  t u r k ey , g o o s e , and 
d rum f i sh . The i d en t i f i c a t i o n s  we r e  made by O p a l  S k a g g s , 
an  ana t omy g radua t e  s t u d en t , who a l s o conduc t e d  an 
ana l y s i s  o f  t he dogs r e c ove r e d  f r om t h e s i t e .  Bone 
measu reme n t s  we re t ak e n  on 1 7  dog bu r i a l s  and c omp a r e d  t o  
coyo t e  and wo l f  s pec i mens . I t  was c onc l ud e d  t ha t  t he d o g s  
we r e  m o r e  s i m i l a r  t o  t he coyo t e s  and we r e  p r obab l y  
de s c ended f r om th em . 
Lew i s  and Lew i s  ( 1 9 6 1 ) i nves t i ga t ed t he Eva s i t e i n  
Ben t on Coun ty , Tenne s s ee . T h i s  s i t e was l o c a t e d i n  t he 
u p p e r wes t - ce n t ra l  reg i o n o f  Tenne s s ee , on  t he Tenne s s ee 
r iv e r f l oodp l a i n . The l an d s c ape was cha r ac t e r i zed as  
swe l l  and swa l e  t opog raphy w i t h  swampy vege t a t i on ( Lewi s 
and Lew i s  1 9 6 1 ) .  The s t ra t i g r aphy o f  t he s i t e was 
c omposed o f  f i ve s t ra t a . The f i r s t  ( t op ) s t r a t um was 
app rox i ma t e ly two and a ha l f  feet deep w i t h  h eavy b l ac k  
s o i l a n d  no mu s s e l  s h e l l s . De f i ned a s  t he B i g  Sandy Pha s e  
and d a t ed t o  3 , 5 0 0  t o  2 , 5 0 0  y e a r s  ago , t h i s  s t r a t um 
co i nc i d e s  w i t h  t he Med i t he rma l , a p e r i od of a h i g he r 
p r ec i p i t a t i on and i nc re a s ed r i v e r  d e p t h s . Acco rd i ng t o  
Lew i s  and Lew i s  ( 1 9 6 0 : 9 ) , t he c l ima t e  may accou n t  f o r  t he 
l ac k  o f  s he l l s  i n  t h i s l aye r . S t r a t um two was d e s i gn a t e d  
t he Th ree M i l e  Phas e , d a t i ng app rox i ma t e l y  f rom 6 , 0 0 0  t o  
3 , 5 0 0  yea r s  ago . Th i s  l aye r was cha rac t e r i zed b y  heavy 
s he l l and a s h  con t en t w i t h  l i t t l e a n i m a l  bone . The nex t 
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s t ra t um was d e t e rm i ned t o  be a f l ood d e p o s i t , c o n t a i n i ng 
mo s t l y sand and s i l t . S t r a t um fou r c o n t a i ned a bund a n t  
c he r t  f l ak e s , a n i m a l  bone , a s h , d o g  c o p r o l i t e s  a n d  s he l l .  
Th i s  s t r a t um was t e rmed t he Eva Phas e  and d a t e s  f r om 8 , 0 0 0  
t o  6 , 0 0 0  yea r s  ago . The f i f t h  s t ra t um was ano t he r  f l ood 
d e p o s i t  w i t h  s ome i n t r u s i ve Eva Pha s e  p i t s . 
Empha s i s  on ma t e r i a l  recovered f rom t he Eva s i t e 
s h i f t ed f rom t he p r ev i ou s  i n t e re s t  on bu r i a l s  s een i n  t he 
Web b  r e po r t s  ( 1 942 , 1 94 7 , 1 9 5 0 , and 1 9 74 ) t o  s u b s i s t en c e , 
s t ra t i g raphy and t ec h n o l ogy . Subs i s t en c e  i s  o f  p r i ma ry 
i n t e re s t , and a t o t a l  a s s emb l age of 1 8 , 0 8 9  s pec i me n s  i s  
e x am i ned f o r  d i f fe re n c e s  be tween t he occupa t i on pe r i od s . 
Mamma l r ema i ns we re t he mo s t  nume r o u s  f o r  a l l  p h a s e s , 
mak i ng u p  8 3% o f  t he B i g  Sandy and T h r ee M i l e  occupa t i on s , 
and 94% o f  t he Eva occupa t i on .  B i r d s , t u r t l e s  and f i s h 
we r e  s l i gh t ly mo re abund a n t  i n  t he B i g  Sandy and Th ree 
M i l e  phas e s  ( 1 7% ) . Lew i s  and Lew i s  ( 1 9 6 1 : 20 )  a rgued t h a t  
a s u b s i s t en c e  change occu r red be twe e n  t he Eva and Th ree 
M i l e  p e r i od s , becau s e  t he Eva occupa t i on c on t a i ned f i ve 
t i m e s  a s  much bone a s  t he T h r e e  M i l e  occupa t i on ;  t he Th ree 
M i l e  occup a t i on con t a i ned v a s t amoun t s  of mu s s e l  s h e l l .  
The i nve s t i g a t i on s  o f  s u b s i s t ence , s t ra t i g r aphy and 
t echno l ogy at  t he Eva s i t e a l l ow s eve r a l  conc l u s i on s  a b ou t 
t h e  l i feways o f  t he p reh i s t o r i c  occupan t s . Lew i s  and 
Lew i s  ( 1 9 6 1 ) conc l ud e d  t he s i t e was a s i ng l e  hab i t a t i on 
a re a  f o r  s eve r a l  t ho u s and yea r s , p robab l y  by t he s ame 
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g roup o f  p e o p l e  and t he i r d e s cendan t s . The Eva phase was 
t he e a r l i e s t  at  t he s i t e ( 8 , 0 0 0  to 6 , 0 0 0  B . P . ) ,  
c h a r ac t e r i z ed by he avy r e l i ance on wh i t e - t a i l ed d e e r  a s  a 
s o u rc e  o f  food and t o o l s . The Th ree M i l e  s t r a t um was 
occu p i ed by peop l e  w i t h  an e c onomy b a s ed on f i s h i ng and 
e x p l o i t i ng r i ve r i ne r e s ou r c e s  f r om 6 , 0 0 0  to 3 , 5 0 0  yea r s  
ago . F i na l l y ,  t he B i g  Sandy phase was occup i e d f r om 3 , 5 0 0  
t o  2 , 5 0 0  yea r s  ago , and t he peop l e  dec r e a s ed t he i r  
r e l i ance on mu s se l s  bu t may have i nc r e a s e d  pa r t i c i pa t i on 
i n  t he t r ade n e t wo rk . 
Hayes Site ( 4 0ML1 39 ) 
A s he l l  m i d de n l oc a t ed on t he Duck R i v e r  i n  M i d d l e  
Tenne s see was excava t e d  a s  p a r t  o f  t he Co l umb i a  
A r c haeo l o g i c a l  P ro j e c t  d u r i ng t he l a t e  1 9 7 0 s  by t he 
Un i ve r s i ty o f  Tenn e s s e e  ( F i gu r e 4 . 1 ) . The Hayes s i t e was 
occup i ed f rom 6 , 0 0 0  to 4 , 20 0  ye a r s  ago , and c o r r e s pond s t o  
t he T h r e e  M i l e  phase a t  Eva . Hayes d i f fe r s  f rom o t h e r  
s he l l  m i d d ens becau s e  o f  t he g re a t e r  quan t i t y o f  
g a s t r o p o d s  i n  t h e  m i d d e n  compa red t o  p e l ecypod s . Ca r b o n -
1 4  d a t e s  f o r  t he s i t e r a n g e  f rom 6 , 0 0 0  t o  4 , 20 0  B . P . , a n d  
much o f  t he d e p o s i t  con t a i ns e a r l y  M i d d l e  A r c h a i c  t o  La t e  
A r chaic occupa t i ons ( Tu rn e r  e t  � - 1 9 82 ) . A revi ew o f  
t h i s  r e s e a rch a t t emp t s  t o  p l ace t he Hayes s i t e i n  co n t e x t 
w i t h  t he e nv i ronmen t ,  a s  we l l  as t he c u l t u r a l  
c h a r ac t e r i s t i c s  t ha t  d e f i ne t he A r c ha i c  ( Am i c k  1 9 8 7 ; 
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Figu re 4 . 1 :  C ontou r Map of the Hayes S i t e  ( 4 0 ML 1 3 9 ) ,  wi t h  
a r r ow indicating vic i n i ty of site ( a fte r K lippe l and 
t1orey , 1 �) 8 8 ) 
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B racken r i dg e  1 9 8 4; Ho fman 1 9 8 4 ; Juchn i ewcz 1 9 9 1 ) .  I n  
a d d i t i on , p rev i ou s  i nves t i g a t i ons o f  ma t e r i a l  f rom t he 
Hayes s i t e o f fe r  s ome exp l an a t i on s  f o r  s i t e ada p t a t i on s  
( Ca r r  1 9 9 1 ; Mo rey 1 9 8 8 ) . 
Environmental and Cultural Context 
The env i ronme n t a l  con t e x t  o f  t he Haye s  s i t e s he l l  
m i d d en i s  b a s e d  on c l i ma t i c  c hange w i t h  t h e  o n s e t  o f  t he 
Hyp s i t h e rma l be tween 8 , 0 0 0  and 5 , 0 0 0  B . P .  Th i s  m i d ­
Ho l ocene pe r i od i s  c l a s s i f i ed a s  a wa rm i ng and d ry i ng 
t rend t h a t  rep l aced much o f  t h e  bo rea l f o r e s t i n  t he 
Sou t hea s t  ( De l c ou r t  and De l cou r t  1 9 8 1 ) .  Sm i t h ( 1 9 8 6 : 23 )  
co r r e l a t e s  t he Hyp s i t he rma l w i t h  a c hange i n  a tmos phe r i c  
f l ow and a s h i f t  f r om f l ood i ng r i v e r s  t o  s t ab l e  r i ve r s . 
Bec a u s e  t he f l oodp l a i n s we re much m o r e  s t ab l e , t h i s  
wa rm i ng and d ry i ng t rend l e f t  t h e u p l and a r e a s  w i t h  much 
l e s s  p r ec i p i t a t i on and may have cau s e d an i nc reased human 
d e pendence on aqua t i c  r e s ou r c e s  ( Sm i t h  1 9 8 6 : 24 -2 5 ) . The 
Hyp s i t he rma l a l s o c au s ed an i nc r e a s e  i n  r i ve r i ne swam p s  
( An d e r s on a n d  Han s o n , 1 9 8 8 ) . The s e  e nv i ronmen t a l  fac t o r s  
s e t  t he s t age f o r  unde r s t an d i ng t he adap t a t i on s  po s s i b l e  
d u r i ng a pe r i od o f  g r e a t  c l i ma t i c  c hange . 
P r i o r  t o  the Hyp s i t h e rma l . f r om 1 2 , 5 0 0  t o  8 , 0 0 0  B . P  . .  
t he e nv i ronme n t  was much coo l e r  and f o r e s t s  we re 
t em p o r a l l y and spa t i a l l y he t e r ogenous ( Sm i t h  1 9 8 6 ) . 
Du r i n g  t h e  Hyp s i t he rma l , t he Lauren t i d e  i c e s h e e t 
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r e t r e a t ed and cau s ed a s l i gh t  warm i ng t r end f rom e a r l i e r  
pe r i od s  ( De l cou r t  and De l c ou r t  1 9 8 1 ) .  Pos t - Hyps i t h e rma l 
t im e s  we r e  c h a r ac t e r i z ed by m i x ed ha r dwood f o r e s t s  w i t h  
c l i ma t e  and p rec i p i t a t i on s im i l a r t o  t he m o d e r n  
env i r onme n t  ( De l cou r t  a n d  De l cou r t  1 9 8 1 ) .  T h e  m i d ­
Ho l ocene Hyp s i t he rma l i s  o f  g r e a t  i n t e re s t  i n  s ou t h eas t e r n 
a rchae o l ogy becau s e  t he o bv i o u s  env i ronmen t a l  changes a re 
n o t  comp l e t e l y  und e r s t oo d  i n  t e rm s  o f  human a d ap t a t i o n 
s t r a t e g i e s . 
The cu l t u ra l  con t e x t  f o r  Archa i c  pe r i od popu l a t i on s  
i n  t he M i d - s o u t h  i s  a l s o impo r t an t f o r  ex p l a i n i ng s he l l 
m i d d en occupa t i ons ( And e r s on and Hanson 1 9 8 8 ; Ca l dwe l l  
1 9 5 8 ; Chapman e t  a l . 1 9 82 ; F o r d  1 9 4 1 ; Lew i s  and Knebu r g  
1 9 5 9 ; Nance 1 9 8 7 ; Sm i t h 1 9 8 6 ) . Lew i s  a n d  Kne b e r g  ( 1 9 5 9 ) 
de f i ned reg i on s , pha s e s  and t r a d i t i on s  f o r  t he M i d - s ou t h . 
Bas i c a l l y , fou r reg i on s  a r e d i f fe r en t i a t ed : t he Ken t uc k y , 
Tenne s s ee , A l a bama , and Geo rg i a  reg i on s . Typ i c a l  s i t e s  
o f  t he s e  r e g i on s  a re l a rge s he l l  m i d d e n s  v a ry i ng i n  d e p t h  
f rom s eve r a l  t o  2 0  f e e t  deep , l oca t e d  c l o s e  t o  s t r e ams , 
and u s ua l l y  i nhab i t ed f o r  l ong pe r i od s  o f  t i me ( Lew i s  a n d  
Knebe r g  1 9 5 9 : 1 6 1 ) . Pha s e s  i n  t he M i d - s ou t h  i nc l ud e  t he 
Eva Pha s e  ( 6 , 0 0 0 - 4 , 0 0 0  B . P . ) ,  T h r e e -m i l e  Pha s e  ( 4 , 0 0 0 -
1 , 5 0 0  B . P . ) ,  and t he B i g  Sandy Pha s e  ( 1 , 5 0 0 - 5 0 0  B . P . ) ,  and 
a l l of  t he s e  phases a re of  t he M i d c on t i ne n t  T r ad i t i on 
( Lew i s  and Knebe r g  1 9 5 9 ) . Fo r d  and W i l l ey ( 1 9 4 1 : 3 32 )  
c h a r a c t e r i z e t he A r c h a i c  pe r i od a s  hav i ng no h o r t i c u l t u r e 
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o r  p o t t e ry ,  bu t be i ng t he founda t i on f o r  l a t e r  c u l t u r a l  
deve l opmen t s . S i t e s  we r e  u s ua l l y l o c a t ed i n  c l o s e  
p ro x im i t y  o f  abundant s h e l l f i s h , w i t h  no a s s oc i a t ed 
s t ruc t u r e s  and " s i mp l e "  bu r i a l s  ( Fo r d  and Wil l ey 1 94 1 ) . 
La t e r  i n t e rp r e t a t i on s  o f  Archa i c  pe r i od cu l t u re 
a c k n ow l e d g e  t he comp l e x i ty o f  hun t e r - g a t he r e r i n t e r ac t i on s  
w i t h  t he e nv i ronmen t  and o t h e r  g ro u p s . Ev i de n t l y , a b ro ad 
s pec t rum o f  c u l t u r a l  change occu r r ed f rom Pa l e o i nd i an 
s u b s i s t ence u t i l i z i ng a f l u t ed - po i n t  t echno l ogy and 
fo l l ow i ng l a rge mammal  he r d s  to s em i - s ed en t a ry La t e  
A r c ha i c  g roups p r ac t i c i n g  sma l l - s c a l e  ho r ticu l t u re . Ea r l y 
A r c ha i c  g roups a re cha rac t e r i zed by b r i e f , non - i n t e n s i ve 
s i t e  occupa t i on w i t h  d e e r  a s  t he p r ima ry food s o u r c e  
( Nance 1 9 8 7 ) . And e r s o n  a n d  H a n s o n  ( 1 9 8 8 ) d eve l oped a 
mod e l  o f  Ea r l y Archa i c  s e t t l ement  pa t t e rn s  a s  agg rega t e d  
i n  t he w i n t e r , and d i s p e r s ed f o r  t he rema i n i ng s e a s o n s . 
Sm i t h ( 1 9 8 6 ) charac t e r i z ed t h e  cu l t u r a l  c on t e x t  o f  M i dd l e  
A r c ha i c  peo p l e  as a pe r i od o f  i nc r e a s e d  s ed en t i sm due t o  
t he abundance o f  aqu a t i c  r e s ou rces and s t ab i l e  
f l ood p l a i ns . M i dd l e  A r c ha i c  s i t e s  o f t e n  c on t a i n  d e n s e , 
o r g a n i c  m i d d e n s  r e p r e s en t i ng i n t ens i ve , mu l t i p l e  
occupa t i o n s  ( Nance 1 9 8 7 ) . S i t e s  d a t i ng t o  t he M i d d l e  
A r c h a i c  i n  t h e  Mi d - sou t h  a re n o t  a l ways a s s oc i a t ed wi t h  
s he l l  m i d d en s , bu t t he i n t en s i ty o f  s i t e  u s e  may a l s o 
o ccu r w i t h  o t he r l o c a l i z ed r e s ou rc e s  s u c h  a s  oak - h i c k o ry 
f o r e s t s . Nance ( 1 9 8 7 )  i nves t i ga t e d  t he A r c h a i c  i n  t he 
5 5  
Lowe r Tenne s s e e - Cumbe r l and -Oh i o  reg i o n  and conc l ud e d  t ha t  
s he l l f i s h a re n o t  a f e a s i b l e  r e s o u r c e  i n  t h i s  a rea . 
As t he env i ronme n t  s t a b i l i zed d u r i n g  t he L a t e  
A r c ha i c , mob i l i t y may have i nc r e a s e d  s l i gh t l y ,  bu t peop l e  
began t o  adop t p l an t  domes t i c a t i o n  ( s q u a s h  and gou rd s ) 
be tween 4 , 40 0  and 3 , 3 0 0  yea r s  B . P .  ( Chapman e t  a l . 1 9 82 ,  
C r i t e s  1 9 8 7 ) . The changes i n  A r cha i c  pe r i od c u l t u r e s  
s u g ge s t  t ha t  t he M i d d l e  A r c h a i c  may have p l ayed a n  
impo r t an t r o l e  i n  t h e  evo l u t i on o f  s ou t hea s t e rn 
p r eh i s t o r i c  popu l a t i on s . Thu s , i t  i s  i m p o r t an t t o  
d i s c ove r a n d  e xp l a i n  t he s u b s i s t en c e  a n d  s e t t l emen t 
pa t t e rn s  p re s e n t  d u r i ng t he M i d d l e  A r c h a i c  t o  unde r s t and 
how t hey a f f ec t ed fu t u re c u l t u res . 
Hayes Site Investigations 
Seve r a l  a r eas o f  r e s e a r c h  we re u n d e r t ak e n  w i t h  t he 
ma t e r i a l  r e c ov e r e d  f rom t he Haye s s i t e :  s i t e f o rma t i on 
p ro c e s s e s , ve r t e b r a t e  and i nve r t e b ra t e  f au n a l  ana l y s e s , 
and l i t h i c  ana l y s e s  ( K l i ppe l and Tu rne r 1 9 9 1 ; and Mo r ey 
1 9 8 8 ; Mo r ey and K l i pp e l  1 9 9 1 ) .  The ana l y s e s  i n t en d e d  t o  
answe r q u e s t i on s  abou t t he r e l a t i on s h i p s  be tween t he 
va r i ou s  Haye s s i t e occupa t i on s , and i nc l ud e d  
p a l e oenv i ronmen t a l  recons t ru c t i on a n d  s e t t l emen t and 
s u b s i s t e n c e  p a t t e rn s . 
S i t e f o rma t i o n  a t  Hayes was i n t e r p r e t e d  t h rough t he 
e x c ava t i on o f  two t renches and a s t ra t i g ra ph i ca l ly 
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e x c ava t e d  b l o c k  un i t  ( Mo rey 1 9 8 8 ) . The occupa t i on f r om 
6 , 2 0 0  to 5 , 8 0 0  yea r s  ago was by e a r l y M i d d l e  A r c h a i c  
peo p l e  who u t i l i z ed sma l l quan t i t i e s  o f  s he l l f i s h . La t e r , 
f r om 5 , 8 0 0  t o  5 , 6 0 0  B . P . , f l o o d i ng d e po s i t e d  a l l uv i um 
s e d imen t . La t e  M i d d l e  A rcha i c  occupa t i on o f  t he s i t e 
occu r r ed fo r t he nex t 1 , 2 0 0  y e a r s . Then , f r om 4 , 4 0 0  t o  
4 , 2 0 0  B . P . , peop l e  c l a s s i f i e d a s  La t e  A r c h a i c  p r oduced a 
L e d be t t e r  t ype o f  p r o j e c t i l e p o i n t . Du r i n g  t h i s  pe r i o d , 
t he u s e  o f  t he s i t e appa ren t l y changed a s  i nd i ca t ed by t he 
d i s appea rance o f  aqua t i c gas t ropod s f rom t he m i d d e n  
d e p os i t s . F i na l l y , a round 2 , 0 0 0  yea r s  ago Wood l and 
peop l e s occup i ed t he s i t e ,  l eav i ng beh i nd va r i ou s  po t t e ry 
f ra gmen t s . 
Mo rey ( 1 9 8 8 ) cond u c t e d  e x t en s i ve ana l y s i s  o f  t h e  
fauna l ma t e r i a l  f rom t h r ee b l ock u n i t s  e x c ava t e d  by 
na t u r a l  s t r a t a . Ove r 2 4 , 2 9 0  g ram s o f  u nmod i f i ed fauna l 
ma t e r i a l  we r e  excava t e d  f rom t he b l oc k  u n i t .  The 
p re d om i na n t  an ima l c l a s s  by coun t was mamma l ( 9 3 . 3 9% ) , 
f o l l owed by r e p t i l e ( 5 . 2 8% ) , b i rd ( 1 . 0 1 ) , f i s h ( . 2 9% ) , a n d  
amph i b i an ( . 1 0 % ) . Subs i s t ence pa t t e r n s  i d en t i f i ed fo r t he 
e a r l y M i d d l e  A rcha i c  occupa t i o n o f  t he s i t e we re 
c h a r ac t e r i z ed by i n t e n s ive use of mamma l s pec i e s , 
pa r t i cu l a r l y d ee r . The l a t e  Mi d d l e  A r c ha i c  pe r i o d was 
c h a r ac t e r i z ed by a va s t  amou n t  of i nve r t e b r a t e  and 
ve r t e b r a t e  fauna l rema i n s . The ve r t e b r a t e  fauna l rema i n s  
we r e  p r e d om i nan t l y  d ee r , supp l emen t e d  by co t t o n t a i l 
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r a b b i t ,  r ac c oon , t u rkey , t u r t l e s , and f i s h .  The 
s u b s i s t e nce r ema i ned b a s i c a l l y  unchanged fo r a lmos t 1 , 2 0 0  
yea r s . F i na l l y , t he La t e  A r c h a i c  pe r i od o f  occupa t i on 
marked a change in  t he s u b s i s t ence p rac t i ce s  at  t he s i t e .  
La t e  A r c h a i c  occupan t s  u t i l i z ed a va r i e t y  o f  p l an t  and 
an i ma l  f o o d s  bu t d i d  not p rocu re s he l l f i s h . 
K l i p p e l  and Tu r n e r ( 1 9 9 1 ) e x am i ne d  t he t e r re s t r i a l  
g a s t ropo d s  f rom Hayes and compa red t hem t o  mod e rn 
a s s em b l a g e s  f r om M i d d l e  Tenne s see . Te r re s t r i a l  ga s t r o p o d s  
a re good env i ronmen t a l  i nd i ca t o rs , s e n s i t i ve t o  
f l uc t u a t i on s  i n  t empe r a t u re . T h e  compa r i s on b y  K l i ppe l 
and Turne r ( 1 9 9 1 ) revea l e d t h a t  r e g i on a l  changes i n  t he 
env i ronmen t  o c c u r red be tween t he m i d d l e  and l a t e  Ho l ocene 
in  t he Nas hv i l l e Bas i n . 
A s t u dy was c on duc t ed on t he wh i t e - t a i l ed d e e r 
rema i ns f r om Haye s ( Mo rey and K l i ppe l 1 9 9 1 ) .  
App rox i ma t e l y 9 4 0  d e e r bones were e x am i ned f o r  t he e x t e n t  
o f  c an i d  ravag i ng t h a t  may have occu r r ed a t  t he s i t e .  The 
can i d  ravag i ng a t  t he s i t e was cons i de r ed to b e  a fac t o r  
i n  i n t e r p re t i ng t he s k e l e t a l  r ema i n s , s i nc e  2 3 . 5% o f  t he 
d e e r  bone was mod i f i ed by c an i d s . 
L i t h i c  s tu d i e s  condu c t ed by Am i ck ( 1 9 8 7 ) and Ca r r  
( 1 9 9 1 )  have sugge s t e d a change i n  o r gan i z a t i ona l s t r a t e gy 
f r om t h e  M i d d l e  t o  L a t e  A r c ha i c . Am i c k ( 1 9 8 4 ) n o t e d  t h a t  
changes i n  t oo l  t ec hno l ogy i nd i c a t e  a s h i f t  t o  l o g i s t i c a l , 
pe rmanen t b a s e  camps du r i ng t he La t e  A r c ha i c . Ca r r  ( 1 9 9 1 )  
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e x am i ned t he d e b i t age f rom s eve r a l  Haye s u n i t s  and 
d e t e rm i ned t h a t  s i t e u s e  may have changed f rom a fo r a g e r 
t o  a c o l l ec t o r  s t r a t e gy b e tween t he ea r ly M i d d l e  and l a t e  
M i d d l e  A r c ha i c , and the La t e  A r c ha i c  peop l e  may have u s e d  
the s i t e a s  a co l l ec t o r  c amp . 
Ho fman ( 1 9 8 4 ) con duc t e d  a reg i on a l  s t udy i n t o  
exp l an a t i o n s  f o r  hun t e r - ga t he r e r  mob i l i t y i n  t he Nashv i l l e 
B a s i n  and i n t e rp re t a t i on s  we re b a s e d  on a va r i e t y o f  
mode l s  f o r  hun t e r - ga t h e r e r  occupa t i o n s  ( Ca l dwe l l  1 9 5 8 ; 
Lew i s  and Lew i s  1 9 6 1 ) .  Ho fman conc l ud e d  t ha t  F a l l 
occupa t i on s  we re charac t e r i ze d  by h a r ve s t i ng n u t  c ro p s  i n  
t he u p l an d s , and exp l o i t i ng raccoons , t u r k e y s , squ i r r e l s ,  
and d e e r  l oc a t ed i n  t he a rea . The g roups we r e  o rg a n i z ed 
w i t h  agg r e g a t e d  and r e s i d en t i a l  occupa t i on s . W i n t e r  
occupa t i on s  we re i n  s he l t e red s i t e s , w i t h  s t o red 
r e s ou rc e s , and g roups we r e  d i s pe r s ed l og i s t i ca l l y i n  
m i n i ba nd s . Sp r i ng g roups h a rve s t e d  vas t quan t i t i e s  o f  
s he l l f i s h and o t he r  wa t e r  r e s o u r ce s , and we r e  agg r e g a t ed 
i n  max i band s . Summ e r  g ro u p s  became d i s p e r s ed aga i n  and 
ex p l o i t e d  p a t chy a reas . 
Conclusion 
Reg i ona l sou t heas t e rn s he l l  m i dd en s t u d i e s  have a 
l on g  s t and i ng h i s t o ry . Ea r l y  r e s e a r c h  by We bb ( 1 9 5 0 , 
1 9 7 4 ) and o t he r s  foc u s ed on t he bu r i a l  p rac t i c e s  o f  t he 
s he l l  mound cu l t u re . La t e r , Lew i s  and Lew i s  ( 1 9 6 1 ) b e c ame 
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i n t e re s t ed i n  t he s u b s i s t ence and ch rono l og i c a l  s e q u e n c e  
o f  t h e  s he l l  m i d d e n  occupan t s . F i na l l y ,  wo r k  i n  t he 
Nas hv i l l e  Bas i n  p romp t e d  i nve s t i g a t i on s  abou t t he change 
b e tween M i d d l e  and La t e  A r c ha i c  o c c u pa t i o n s , and hun t e r ­
g a t h e r e r  mob i l i ty pa t t e rn s . I nves t i ga t i on s  o f  t he s e  
changes have been a t t em p t e d  t h rough env i r o nmen t a l  
recons t ru c t i on , r e g i ona l mob i l i ty p a t t e rn i ng , and 
u nd e r s t an d i ng s u b s i s t en c e  change . 
Res ea rch a t  the Hayes s i t e p rov i de d  a n  u n d e r s t an d i ng 
o f  t he comp l ex i t i e s  o f  l i fe i nvo l v i ng p reh i s t o r i c s he l l 
m i d d e n s . F i r s t , envi ronmen t  and c l i m a t e  a f fec t ed how 
peo p l e  a d a p t e d  to t he i r hab i t a t . The s e  a na l y s e s  reve a l e d  
a s i t e occup i e d  pe r i od i c a l ly ove r a two t h ou s and y e a r  
pe r i od . Ev i dence b a s ed on l i t h i c  a na l y s e s  s u g ge s t s  t h a t  
d u r i ng t h i s  t ime a s h i f t  f rom f o r a g i ng t o  c o l l ec t i ng 
occu r red . Faunal ana l y s i s  s u g g e s t s  peop l e  b e g an 
co l l ec t i ng aqua t i c  g a s t ropod s a s  a d i e t a ry s u p p l emen t , n o t  
a s  a maj o r  food r e s ou r c e . A r e g i ona l s t u d y  o f  A r c ha i c  
hun t i n g  b a n d s  sugge s t s  t he Hayes s i t e may b e  
cha rac t e r i s t i c of S p r i ng g ro u p s  ga t he r i ng s he l l f i sh 
d u r i ng t he l a t e  M i d d l e  A r c ha i c  pe r i od ( Ho fman 1 9 8 4 ) . 
Ea r l y  M i d d l e  and La t e  A r c ha i c  peop l e  may have been 
occu py i ng t he Haye s s i t e d u r i ng the Fa l l  or Summe r mon t h s . 
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Chapter V :  
Materials and Methods 
Introduction 
Th i s  chap t e r  d e s c r i be s  t he ma t e r i a l s  and m e t h o d s  u s e d  
t o  cons t ruc t mo r t a l i t y p ro f i l e s fo r t he Hay e s  s i t e wh i t e -
t a i l ed d ee r . A r e g r e s s i on fo rmu l a  f o r  a g i ng wh i t e - t a i l ed 
d e e r  has  a l ready been i l l u s t ra t ed i n  Chap t e r  I I .  T h i s  
r e g r e s s i on fo rmu l a  p roved va l uab l e  f o r  e s t i ma t i ng a g e s  
du r i n g a b l i nd t e s t o f  wh i t e - t a i l e d d e e r  s pe c imens . 
Howeve r ,  a mod i f i ed i t e ra t ed age - l en g t h  k ey may be b e t t e r  
s u i t e d  t o  c o n s t ruc t i ng mo r t a l i t y p ro f i l e s  f o r  wh i t e - t a i l ed 
d ee r . Consequen t l y , mo r t a l i t y p r o f i l e s a re d e r i ve d  w i t h  a 
mod i f i ed i t e ra t ed age l en g t h  k ey , s im i l a r  t o  age l en g t h  
keys u s ed i n  w i l d l i f e r e s e a rch ( K i mu ra 1 9 7 7 ; Kon i g s b e r g  
a n d  F rankenbe r g  1 9 9 2 ) . I n  a d d i t i on ,  max i mum l i k e l i hood 
e s t i ma t i on i s  u s e d  to p l ac e  a rchaeo l o g i c a l  s pec i me n s  i n t o  
age c a t e g o r i e s . The mo r t a l i ty p ro f i l e s  a re d eve l o ped t o  
e x am i ne bo t h  hun t i ng i n t e n s i t y and s e a s ona l i ty a t  t he 
Hay e s  s i t e .  
Materials 
The Hayes s i t e  s amp l e  c o n s i s t s  o f  2 6 8 l owe r 
mand i b u l a r  t e e t h  co l l ec t ed f rom 3 8  u n i t s  ex cava t e d  a t  t he 
Hayes s i t e ,  and s pann i ng a l l  p e r i od s  o f  occupa t i on ( s e e 
Tab l e  5 . 1 ) . The f i r s t  mo l a r  was s e l ec t ed b e c au se t h i s  
t o o t h  e ru p t s  e a r l y  and p rov i de s  a good i nd i ca t i o n  o f  a g e . 
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Ta b l e  5 . 1 :  F i r s t  Mo l a r s  f rom t h e  Hayes S i t e ( 4 0ML 3 9 ) 
A r c ha i c  Componen t s  
Comp o ne n t  N I SP MN I 
Ea r l y  M i d d l e  A r c h a i c  2 5  1 4  
La t e  M i d d l e  A r c h a i c  5 8  3 2  
La t e  A r c ha i c  1 7  1 1  
To t a l  1 0 0  5 7  
One hund red f i r s t  mo l a r s  we r e  recove red f rom t he s i t e :  o f  
t he s e , 2 5  we r e  f rom t he e a r l y  M i d d l e  A r c ha i c , 5 8  f r om t he 
l a t e  M i d d l e  A r c ha i c , and 1 7  we r e  f rom t he La t e  A r c ha i c . 
The t o t a l  MN I o f  d e e r f o r  t he s i t e wa s 5 7 , i nc l ud i ng 1 4  
f rom t he e a r l y  M i d d l e  A r cha i c , 3 2  f rom t he l a t e  Mi d d l e  
A r c ha i c , and 1 1  f r om t he La t e  A r c ha i c . 
I n  add i t i on t o  t he f i r s t  mo l a r , t he fou r t h  dec i d u o u s  
p remo l a r  was u s ed t o  e x am i ne t he d i s t r i bu t i on s  o f  y o u n g  
d e e r  w i t h i n  t he a r c haeo l og i c a l  s amp l e .  A t o t a l o f  2 3  
fou r t h  d e c i duous p remo l a r s we r e  co l l ec t ed f r om t he Hay e s  
s i t e u n i t s : 8 f r om t he e a r l y  M i d d l e  A r c ha i c , 1 2  f rom t he 
l a t e  M i d d l e  A r c ha i c , and 3 f rom t he La t e  A rcha i c  ( s ee 
Tab l e  5 . 2 ) . A l t hough t h e s e  numbe r s  a re l ow ,  t h i s  
r e p r e s e n t s  a 1 0 0% s amp l e  o f  a l l t he d e e r  t ee t h  recove red 
f rom t he s i t e .  
A f t e r  co l l ec t i ng t he wh i t e - t a i l ed d e e r t ee t h  f r om t he 
Hayes s i t e , i t  was i m po r t a n t  t o  cons i d e r  t he s e q u e n c e  o f  
a g e s  f o r  t he mo r t a l i t y p ro f i l e s . The mo r t a l i t y p r o f i l e s  
we r e  s e p a r a t ed i n t o  s ub - adu l t ,  p r i me - adu l t  a n d  aged - a du l t  
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Tab l e  5 . 2 :  Fou r t h  Dec i d u ou s P r emo l a r s  f r om t he Hayes S i t e 
( 4 0ML 1 3 9 )  A r c h a i c  Componen t s  
Componen t N I SP MN I 
Ea r l y  M i d d l e  A r c ha i c  8 5 
La t e  M i d d l e  A rcha i c  1 2  8 
La t e  A rc ha i c  3 2 
To t a l  2 3  1 5  
age c a t e go r i e s . S u b - adu l t  wh i t e - t a i l e d d e e r  range i n  a g e  
f rom 0 t o  1 8  mon t h s  and rep r e s e n t  d e e r  wh i c h a re b e l ow 
max i mum we i gh t s , rep roduc t i on , and an t l e r  d ev e l opmen t  
( J ac o b s on and Re i ne r  1 9 8 9 ) . D e n t i t i on o f  s u b - ad u l t s  
reaches ma t u r i ty when t he t h i r d  pe rmanen t  mo l a r  com e s  i n t o  
wea r  ( Sc hwa r t z  and Schwa r t z  1 9 6 4 ; Seve r in g ha u s  1 9 4 9 ) . 
P r i me - adu l t wh i t e - t a i l e d  d e e r  a re f r om 1 9  t o  7 2  mon t h s  o l d  
and have r eached max i mum we i gh t s , r e p r oduc t i on ,  l a c t a t i on , 
an t l e r  d eve l o pmen t , and ma t u re d e n t i t i on . Aged - ad u l t s  a re 
ove r 7 3  m o n t h s  o l d  and r e p r e s en t d e e r  wh i ch have b e g u n  t o  
d e c l i ne i n  we i gh t , rep roduc t i on ,  and a n t l e r  d eve l opmen t . 
Den t i t i o n  o f  aged - adu l t s  i s  s eve re l y  wo r n , w i t h  a lmos t a l l  
o f  t he d en t i ne becom i ng e x p o s e d  ( Seve r i n g h au s 1 9 4 9 ) . 
Methods 
A r e g re s s i on f o rmu l a  i s  p re s en t ed i n  Chap t e r  I I  a s  a 
s im p l e r  app r oach t o  e s t i ma t i ng ages o f  wh i t e - t a i l ed d ee r . 
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The quad ra t i c  reg r e s s i on fo rmu l a  i s  p re s en t e d a s  f o l l ows : 
I nd i v i d ua l a g e s  can b e  d e r i ve d  by m e a s u r i ng t he c rown 
he i gh t  o f  an u nknown s p e c imen ( x ) and by u s i ng t he 
i n fo rma t i on i n  F i gu re 2 . 6  ( s ee Chap t e r  2 ) . 
A mod i f i ed i t e r a t ed age l en g t h  k ey ( Kon i g s be rg and 
F r ankenbe r g  1 9 9 2 ) was emp l oyed for d eve l o p i ng mo r t a l i ty 
p ro f i l e s  f o r  e a r l y  M i d d l e , l a t e  M i dd l e  and La t e  A r c ha i c  
o ccupa t i o n s  a t  the Hayes s i t e . The a g e  l e ng t h  k ey 
u t i l i z e s  a t a rge t , o r  a r chaeo l og i c a l , s am p l e  and a 
r e f e rence , o r  mode r n , s amp l e  t o  e s t i m a t e  age ( Kon i g s b e rg 
and F rankenbe r g  1 9 9 2 ) . 
As s um i n g  a no rma l d e n s i t y w i t h i n  a g e  c l as s e s , t he 
mod i f i ed i t e ra t ed age l en g t h  k ey i s  a pp l i ed t o  a 
con t i nuous age i nd i c a t o r  such a s  c rown he i gh t  
m e a s u r emen t s . The n o rma l d e n s i t y i s : 
p = 1 (- __!_ X-71: ] xa 2 2 J2a:rr Oa 
whe r e  11a and a= a re t he mean and va r i an c e  o f  c rown he i g h t  
w i t h i n  age c l a s s  " a "  f o r  t he k n own age M i s s i s s i pp i  d e e r  
( Ko n i g s be r g  a n d  F rank enbe rg 1 9 9 2 : 2 4 7 ) . Pxa i s  the 
64  
p roba b i l i t y o f  ob s e rv i ng a g i ve n  c rown he i gh t  ( x ) 
c o n d i t i on a l  on the d e e r  b e i ng i n  a p a r t i c u l a r  age c l a s s  
( a ) . 
An e x pec t a t i on max i m i z a t i o n  ( o r EM ) a l go r i t hm i s  
a pp l i ed t o  t he c rown he i gh t  mea su r emen t s  f o r  d e t e rm i n i ng 
age d i s t r i bu t i ons ( Demp s t e r  e t  a l . 1 9 7 7 ) . The f i r s t  s t e p , 
o r  e x pec t a t i on s t e p , f i nd s  t he p roba b i l i t y t h a t  any g i ve n  
d e e r  i s  i n  a p a r t i c u l a r  a g e  c l a s s  ( a ) c ond i t i ona l on i t s 
c rown he i gh t  measu remen t ( x ) ( Kon i g s be r g  and F rank enbe r g  
1 9 9 2 : 2 4 0 ) . Th i s  expec t a t i on i s  found u s i ng Bayes t he o rem : 
-. p xada P ax = -w---
L pxada a � l  
whe r e  d4 i s  a n  es t i ma t ed age - a t - d ea t h  d i s t r i bu t i on fo r 
t he t a r ge t s amp l e , w i s  t he numbe r o f  age c l a s s e s  ( 3 )  and 
P� is  a func t i on of  t he k nown age d e e r . On 
i n i t i a l i z a t i on , a u n i f o rm d i s t r i b u t i on i s  a s sumed f o r  
t h i s s t e p , and t h e  t h ree a g e  c a t e g o r i e s a re g i ven 
d i s t r i bu t i on s  of  . 3 3 , . 33  and . 34  r e s pec t i ve l y . 
F i na l ly , t he ac t u a l  age d i s t r i bu t i on s  a re d e t e rm i ne d  
w i t h  t he max i m i za t i on s t ep o f  t he EM a l go r i t hm .  Th i s  s t e p  
f i nd s  t he max i mum l i k e l i hood e s t i ma t e  o f  t he age 
d i s t r i bu t i on of  t he a rchaeo l og i c a l  d e e r  s amp l e , b a s e d  on 
t he p robab i l i t i es  of each d e e r  be i ng i n  a pa r t i c u l a r  age 
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c l as s  cond i t i on a l  on c rown he i gh t ( Pax ) . 
The max i m i za t i on f o rmu l a  i s  r e p r e s e n t e d  a s : 
The r e su l t s  o f  t h i s  equa t i on a r e t he n  cyc l ed back i n t o  the 
expec t a t i o n  e q ua t i on for  nume rous cyc l e s  u n t i l  t he 
e s t i m a t e d  age d i s t r i bu t i on s  s t ab i l i ze b e tween cyc l e s 
( Ko n i g s b e r g  and F r a nk e n b e r g  1 9 9 2 ) . 
The max i mum l i k e l i hood e s t ima t e  f o r  t he age 
d i s t r i bu t i on i s  i d e n t i f i ed at  t he max i mum p ro b ab i l i t y o f  
ge t t i ng t h e  o b s e rved d i s t r i bu t i on o f  c rown h e i g h t s  i n  t he 
t a r g e t  s amp l e , cond i t i ona l on t he i n f o rma t i on f rom t he 
r e f e rence s amp l e .  Th i s  equa t i on i s  g i ve n  as : 
n w 
L ln ( L  Pxada ) i c l  a � l  
Th i s  r e p r e s en t s  the l i k e l i hood of  an a rchaeo l og i c a l  s amp l e  
mo r t a l i t y s t ruc t u r e  b a s ed o n  t he o b s e rved c rown he i gh t  
meas u r emen t s  ( Kon i g s be rg and F rank e n b e r g  1 9 9 2 ) . A t  t h i s  
po i n t , t he d i s t r i bu t i on s  i n  each c a t e go ry c an b e  d e f i ned 
as t he mo r t a l i ty p ro f i l e  for  t he a rchaeo l og i c a l  s amp l e . 
Ch i - s qu a r e  s t a t i s t i c a l  ana l ys i s  i s  conduc t ed on t he 
e s t i ma t e  fo r t he age c a t e go r i es t o  d e t e rm i ne any 
d i f f e r en c e s  b e tween p e r i od s . The c h i  s q u a r e  t ak e s  t he 
l og - l ik e l i hood f o r  each poo l ed and s a t u ra t ed d i s t r i bu t i on , 
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whe re the poo l ed d i s t r i bu t i on i s  t he c omb i ned l og ­
l i k e l i ho o d s  f o r  e a c h  pe r i od , a n d  t he s a t u r a t ed 
d i s t r i bu t i on comb i ne s  two o f  t he p e r i od s  and t hen a d d s  t he 
t h i rd . The l og - l i k e l i hood s f rom t he s a t u r a t ed 
d i s t r i bu t i on a re s u b t rac t e d  f r om t he poo l ed d i s t r i bu t i on 
and mu l t i p l i ed by - 2  t o  g e t  a c h i  s q u a r e  e s t i ma t e . 
The ch i s qu a re i s  c a l c u l a t ed a s : 
whe re dP i s  t he poo l ed max i mum l i k e l i hood e s t ima t e , d1 and 
d2 a re t he f i r s t  and second s am p l e s , and F i s  t he 
i n fo rma t i on f r om t he age i nd i c a t o r s ( Ko n i g s be rg and 
F r ankenbe r g  1 9 9 2 : 2 5 2 ) . 
Discussion 
The mod i f i ed i t e ra t ed age l en g t h  k ey e q u a t i ons f o r  a 
c on t i nuous age i nd i c a t o r  a r e  mo re s u i t e d  t o  e s t i ma t i n g  a g e  
s t ruc t u r e s  o f  a n  unknown popu l a t i on t han a s im p l e  
r e g r e s s i on e q u a t i on . I t e ra t ed age l en g t h  keys t ak e  i n t o  
a c c o u n t  va r i a t i on w i t h i n  s amp l e s , and a r e no t b i a s ed 
t owa r d s  t he k n own age popu l a t i on s t ruc t u re ( Ko n i g s be r g  a n d  
F rankenbe r g , 1 9 9 2 ) . App l y i ng a s i mp l e  r e g r e s s i on e q ua t i on 
f o r  each s pec i men and t hen c a l cu l a t i ng the numb e r s  w i t h i n  
each age g roup may b e  s imp l e r , bu t r e g r e s s i on equa t i o n s  
a re t oo gene r a l  t o  d e a l  w i t h t he s p e c i f i c  p rob l em o f  
d ev e l op i ng age d i s t r i bu t i on s . 
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Reg r e s s i on equ a t i on s  a r e  u n s u i t ed t o  age e s t i m a t e s  
f o r  s eve r a l  r e a s o n s . F i r s t , r e g re s s i o n  e q ua t i on s , r a t h e r  
t han a g e  m e a s u remen t s , may b e  t he c a u s e  f o r  s k ewed a g e  
d i s t r i bu t i on s  i n  a n i m a l  popu l a t i on s  ( G i f fo rd - Gonza l e s  
1 9 9 1 ) .  Second , t he r e g r e s s i on equ a t i on i s  b a s e d o n  t he 
d i s t r i bu t i on f rom t he r e f e rence s amp l e , and i n f o rma t i on 
a p p l i e d  t o  t he t a rg e t  s amp l e  may b e  b i a s e d  t o  fo l l ow t he 
pa t t e rn s e t  by the r e f e rence s amp l e . F i na l l y , choo s i ng a 
l i n e a r  o r  quad ra t i c  r e g r e s s i on equa t i on may a l s o b i a s  a g e  
s t ruc t u re s . T he s e  t w o  t y p e s  o f  equa t i on s  m a y  no t accou n t  
fo r a l l t he va r i a t i on i n  ag i ng t echn i q u e s . 
Conclusion 
A mod i f i ed i t e ra t ed age l eng t h  k ey was u s e d  t o  
d eve l op a g e  d i s t r i bu t i on s  f o r  a n  a rc haeo l og i c a l  s amp l e  o f  
wh i t e - t a i l e d  d e e r  t e e t h . The c r own h e i g h t  m e a s u reme n t  
d ev e l oped t o  age d e e r  t e e t h  i s  a con t i nu o u s  a g e  i nd i c a t o r , 
s im i l a r  t o  age l eng t h  k ey s  d eve l oped i n  w i l d l i f e b i o l o gy . 
Fou r  s t e p s  i nvo l v i ng Baye s i an and max i mum l i k e l i hood 
fo rmu l a s  a re nec e s s a ry to d e r i v e  t he a g e  d i s t r i bu t i o n s . 
F i r s t , t h e  no rma l d i s t r i bu t i on p robab i l i t i e s  o f  hav i ng a 
g i ve n  c rown he i gh t  w i t h i n  a c e r t a i n  age a r e d e t e rm i ned . 
Second , an  e x p ec t a t i on f o rmu l a  f o r  t he k nown age s am p l e  i s  
u s e d  t o  d e t e rm i ne t h e  p robab i l i t y o f  hav i ng a g i ven age i n  
ce r t a i n  age c a t e g o r i e s . Th i rd , a max i m i z a t i on s t e p  
de t e rm i ne s  t he d i s t r i bu t i on o f  dee r i n  e a c h  o f  t he a g e  
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g ro u p s . Fou r t h , t he max i mum l i k e l i h ood e s t i m a t e  i s  t h e  
p robab i l i ty o f  ge t t i n g an age d i s t r i bu t i on f o r  a t a rg e t  
s am p l e  b a s e d  on i n f o rma t i on f rom t he r e f e rence s amp l e . 
A l l o f  t h e s e  s t eps  a re c en t r a l  t o  d e r i v i ng mo r t a l i t y 
p ro f i l e s f o r  an a rc haeo l o g i c a l  s amp l e  o f  wh i t e - t a i l ed 
d ee r ,  and much mo r e  s u i t e d  t han r e g re s s i on f o rmu l a s . 
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Chapter V I: 
Results 
Introduction 
Wh i t e - t a i l ed d e e r  mo r t a l i t y p ro f i l e s  we r e  ana l yzed t o  
d e t e rm i ne hun t i ng i n t en s i t y and s e a s ona l i t y d u r i ng t he 
e a r l y M i d d l e , l a t e  M i dd l e , and La t e  A rcha i c  occupa t i on s  o f  
t h e  Hayes s i t e .  I nd i v i du a l  a g e s  o f  t he wh i t e - t a i l e d d e e r  
we r e  c a l c u l a t ed w i t h  a quad ra t i c  reg re s s i on f o rmu l a . I n  
a d d i t i on , a mod i f i ed i t e r a t ed age l en g t h  k ey was a p p l i e d  
t o  t he a rchaeo l og i c a l  s amp l e , u t i l i z i ng i n f o rma t i o n  f rom a 
k n own age s amp l e  o f  wh i t e - t a i l ed d e e r . P e r c e n t a g e s  
ca l c u l a t ed w i t h  t he max i mum l i k e l i hood me t hod we re app l i ed 
t o  t he s u b - a du l t ,  p r i m e - adu l t  and aged - ad u l t  age 
c a t e go r i e s . The s e  pe r c e n t ages we r e  t hen c ompa red for a l l 
t h ree Hayes s i t e occup a t i on s  f o r  a l l a g e s  c a t eg o r i e s a n d  
s ub - ad u l t  s ea s ona l c a t e go r i e s . 
Results 
I n f o rma t i on on i nd i v i d u a l age o f  t he Hayes s i t e 
wh i t e - t a i l e d d e e r  was ob t a i ned w i t h  a quad ra t i c  r e g r e s s i o n 
f o rmu l a  ( s ee Append i x  3 ) . Howeve r ,  t h e s e  d a t a  a re t hou g h t  
t o  be b i a s e d  ( fo r  a d i s cu s s i on o f  b i as e d  a g e  e s t i m a t e s  s e e 
Kon i g s b e r g  and F rankenbe r g  1 9 9 2 ) and a re n o t  u s e d  t o  
con s t ruc t mo r t a l i t y o f  wh i t e - t a i l ed d e e r  rema i n s f rom t h e  
Hayes s i t e .  
I n s t ea d , the mod i f i ed i t e ra t e d  age l en g t h  key was 
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app l i ed t o  b o t h  f i r s t  mo l a r s and f ou r t h  dec i duous 
p r emo l a r s . Age c a t e go r i e s for the f i r s t  mo l a r s  we r e  
i n t en d e d  a s  l a rge - s ca l e  i nd i c a t o r s  o f  hun t i ng i n t e ns i ty .  
Age c a t ego r i e s  f o r  f ou r t h  dec i duous p r emo l a r s  we re 
i n t ended a s  i nd i c a t o r s  of s e a s ona l i t y ,  w i t h  young wh i t e ­
t a i l ed d e e r  s ep a r a t ed i n t o t h ree mon t h  age i n t e rva l s . 
Pe rcen t ages c a l c u l a t e d  f r om numbe r o f  i nd i v i d u a l  
s pec i m e n s  f o r  t he f i r s t  mo l a r  i nd i ca t ed t ha t  8 7% o f  wh i t e ­
t a i l ed d e e r f r om t he e a r l y  M i d d l e  A r c h a i c  we r e  s u b - adu l t s , 
a n d  1 3% we re p r ime - adu l t s , w i t h  no aged - ad u l t s  p r e s e n t  
( s e e  F i gu re 6 . 1 ) . Sub - adu l t s  rep r e s e n t ed 7 1 % o f  La t e  
M i d d l e  A r c ha i c  mo r t a l i ty p ro f i l es , p r i me - adu l t s  
r e p r e s e n t e d  2 5% ,  and aged - ad u l t s  r e p r e s e n t e d  4 %  ( s ee 
F i gu re 6 . 1 ) . F i na l l y , La t e  A r c ha i c  pe rc e n t ag e s  i nd i c a t e d  
5 1 %  we r e  s u b - adu l t s , and 4 9% we re p r i me - a d u l t s  ( se e  F i g u re 
6 . 1 ) . 
Pe r c e n t ages f rom numbe r o f  i n d i v i du a l  s pec imens f o r  
t he fou r t h  d ec i duous p remo l a r  reve a l ed t h a t  t he young 
w h i t e - t a i l e d  d e e r  we re f rom t he f a l l  or w i n t e r  s e a s on a l 
i n t e rv a l s .  I n  t he e a r l y  M i dd l e  A r c ha i c , 1 0 0 %  we re f rom 
t h e  Fa l l  age i n t e rva l s  ( s ee F i gu r e  6 . 2 ) . Du r i ng t h e  l a t e  
M i d d l e  A r c ha i c , 5 4 %  o f  t he young w h i t e - t a i l ed d e e r  we re 
f rom t he F a l l age i n t e rv a l s ,  and 4 6% we r e  f r om t h e W i n t e r 
age i n t e rva l s  ( s ee F i g u r e  6 . 2 ) . F i na l ly ,  6 5% o f  t he La t e  
A r c ha i c  s u b - ad u l t  wh i t e - t a i l ed dee r we r e  f rom t he F a l l age 
i n t e rva l s , and 3 5% we r e  f r om W i n t e r  age i n t e rva l s . 
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A )  •� .------------------------
Aged-Adult 






C )  �,---------------------------� 
Aged-Adult 
F i gu re 6 . 1 :  A )  Ea r l y  M i d d l e , B )  La t e  M i d d l e  and C )  La t e  
A r c ha i c  Mo r t a l i t y P r o f i l e s  f o r  t he Hayes S i t e ( 4 0ML 1 3 9 ) 
Wh i t e - t a i l e d  Dee r 
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A )  
�.---------------------------------� 
B )  
Spring 
C )  
F i gu re 6 . 2 :  A )  Ea r l y  M i dd l e , B )  La t e  M i d d l e  and C )  La t e  
A r c ha i c  S e a s o n a l  Mo r t a l i t y P ro f i l e s  f o r  t he Hayes S i t e 
( 4 0 ML 1 3 9 ) Wh i t e - t a i l e d Dee r 
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Ch i - s q u a r e  s t a t i s t i c a l  ana l y s e s  we re con d u c t e d  t o  
d e t e rm i ne i f  t he d i f fe r e n c e s  i n  pe r c e n t ag e s  f o r  t he t h r e e  
p e r i od s  a r e s i gn i f i ca n t . A c h i - s q u a r e  o f  t he m o r t a l i t y 
p ro f i l e s  i nd i c a t e s  no s i g n i f i c an t d i f fe rence b e tween t h e  
mo r t a l i t y p ro f i l e s  f rom t he M i dd l e  A r c ha i c  occupa t i on s  a n d  
t he L a t e  A r c ha i c  occupa t i on o f  t he Haye s s i t e .  Howeve r ,  a 
c h i - s q u a r e  s t a t i s t i ca l  ana l y s i s  o f  t h e  s ea s on a l 
d i f f e re n c e s  be tween t he e a r l y  Mi d d l e  A r c ha i c , and t he l a t e  
M i d d l e  and La t e  Archa i c  occupa t i on s  s hows a s i gn i f i c a n t  
d i f fe rence a t  an a l pha l eve l o f  0 . 1 .  
Conclusions 
D i f f e rences i n  Hayes s i t e A r c h a i c  o c c u p a t i o ns we re 
s u g ge s t e d  by p rev i ou s  r e s e a r c h  on s i t e o rg an i za t i on , 
s u b s i s t en c e , and envi ronmen t .  Wh i t e - t a i l ed d e e r  mo r t a l i t y 
p ro f i l e s  we r e  i nve s t i g a t ed t o  de t e rm i ne i f  d i f f e r e n c e s  
e x i s t ed i n  hun t i ng i n t en s i t y a n d  s e a s ona l i t y f o r  t he t h ree 
Hayes s i t e A rc ha i c  occupa t i o n s . No s i g n i f i can t 
d i f f e re n c e s  we re found i n  t he mo r t a l i t y p ro f i l e s  be tween 
the s u b - adu l t ,  p r i me - adu l t , and aged ad u l t age c a t e go r i e s . 
A l t hough no d i f fe r enc e s  i n  hun t i ng i n t en s i t y we re found , a 
d e f i n i t e  empha s i s  on s u b - ad u l t whi t e - t a i l ed d e e r was found 
f or  t he A rcha i c  pe r i od a t  t he Hay e s  s i t e . 
Seasona l d i f f e r e n c e s  i n  sub - ad u l t  wh i t e - t a i l ed d e e r 
we r e  found s i gn i f i c an t w i t h  t he c h i - s q u a r e  s t a t i s t i c a l  
a n a l y s i s . Mo r e  s p ec i f i c a l l y ,  s e a s o n a l  d i f fe rence s we r e  
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no t ed be tween t he e a r l y  M i d d l e  A r c h a i c  and t he l a t e r  
o c c u p a t i o n s  o f  the s i t e .  Ea r l y M i dd l e  A rcha i c  wh i t e ­
t a i l ed d e e r  hun t i ng s eems t o  b e  p r ima r i l y  i n  t he Fa l l ,  
f r om Sep t embe r t o  Novembe r .  L a t e  M i d d l e  and La t e  A r c h a i c  
p e r i od hun t i ng was i n  bo t h  t h e  Fa l l  and W i n t e r  s e a s o n s , 
f rom Sep t embe r t o  J anua ry . 
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Chapter V I I : 
Discuss ion 
Introduction 
The r e s u l t s  f rom t he mo r t a l i t y p ro f i l e s can be v i ewed 
w i t h  s eve r a l  d i f fe r e n t  app r o a c hes . T h e s e  app roac h e s  a r e  
me t hodo l og i c a l , e c o l o g i ca l , t aphonom i c , s e a s ona l and 
c u l t u ra l . F i r s t , a me t hodo l og i c a l  app roach d e t e rm i ne s  
p ro b l ems w i t h  t he c rown he i gh t  ag i ng t e chn i qu e . S e c ond , 
e c o l og i c a l  fac t o r s  r e l a t e  t o  wh i t e - t a i l ed d e e r  popu l a t i on 
b i o l ogy , s u c h  as r e s p o n s e s  o f  dee r popu l a t i on s  t o  hun t i ng 
p re s s u re . T h i rd , t aphonom i c  fac t o r s , s u c h  a s  b reakage o f  
o l de r , m o r e  wo rn d e e r t e e t h , a f fe c t  an i ma l  age 
c ompos i t i on . Fou r t h , s e a s ona l d i f fe re n c e s  in  t he 
mo r t a l i t y p ro f i l e s  a r e  f ac t o r s t o  be c o n s i d e red . F i na l l y , 
c u l t u r a l  app r oaches i nd i ca t e  human p r ey s e l ec t i on o f  
c e r t a i n  an i ma l s . The s e  app r oache s w i l l  shed l i gh t on t he 
r e su l t s  f rom t he w h i t e - t a i l e d dee r mo r t a l i t y p ro f i l e s  f rom 
t h e  Haye s s i t e . 
Interpretations 
Me t hodo l og i c a l  fac t o r s  may accou n t  f o r  t he l a rge 
pe r c e n t ag e s  of  young a n i ma l s  at  Haye s . D i s c r epanc i e s  may 
a r i s e w i t h  t h e  ag i ng t e chn i qu e , s u c h  as s eve r a l  p rev i ou s l y  
men t i oned p r o b l em s  ( s ee Chap t e r  I V ) . F i r s t , t e e t h  may 
have va r i ab l e  ra t e s  o f  wea r  due t o  t h e  type o f  food and 
t he age of  t he a n i ma l . Des p i t e  t h i s , t he t e chn i qu e  
7 6  
a s s um e s  t ha t  t he t ee t h  wea r a t  a con s t a n t  r a t e  and t ha t  
pe rman e n t  t e e t h  e ru p t  a f t e r  t h e  dec i duou s t oo t h  i s  
c omp l e t e l y  wo r n . Sec ond , t he c rown h e i gh t  m e a s u reme n t  
t echn i qu e  c a n  s k ew t he ages o f  an i ma l s . Fo r e x amp l e , 
bov i ne s  aged w i t h  c rown he i g h t  mea s u remen t s  l e aned t owa r d  
younge r a g e s  ( G i f fo rd - Go n z a l e s  1 9 9 1 ) .  Howeve r ,  K l e i n  e t  
a l . ( 1 9 8 1 ) a rgue t ha t  t he r e a re n o  d i r ec t i on a l  b i as e s  i n  
ag i ng C e r v i d ae t ee t h . The r e f o re , me t hodo l o g i c a l  p ro b l em s  
w i t h  t he t ec hn i que a re n o t  l i k e l y  t he r e a s on f o r  t he 
p re d om i na t e l y  s u b - adu l t  a n i ma l s  i n  t h e  Hayes s i t e 
mo r t a l i ty p ro f i l e s . 
Eco l og i ca l  f ac t o r s may a f f e c t  t he s t ruc t u re o f  a n i m a l  
popu l a t i on s , s uch as t he f l u c t ua t i on s  i n  env i r o nmen t a l  
cond i t i on s  d u r i ng t he Hyps i t he rma l . An i m a l popu l a t i o n s  
r e s pond t o  c e r t a i n  c o nd i t i on s  b y  hav i ng m o r e  o r  fewe r 
young ( S ad l i e r  1 9 8 7 ) . I n  add i t i on , fema l e s  beg i n  
r e p r oduc i ng a t  a l a t e r  age i f  cond i t i on s  a re p o o r  o r  i f  
t h e  popu l a t i on has r eached i t s  c a r ry i ng c apac i t y ( Sad l i e r  
1 9 8 7 ) . Howeve r ,  i f  c o nd i t i on s  a r e  good and t he re a r e 
f ewe r o l d e r  a du l t s , f ema l e s  r e s pond by p roduc i ng m o r e  
y o u n g  ( tw i n n i ng ) a t  a young e r  a g e  ( M i t c he l l  1 9 8 9 ) . 
Eco l og i c a l  fac t o r s  may n o t  be t he be s t  ex p l an a t i on 
f o r  t he p re s ence o f  young d e e r  a t  t he Hayes s i t e .  
Env i ronme n t  f l uc t u a t ed a t  t he Haye s s i t e ,  bu t t h i s  was 
s p r e a d  ou t ove r many c en t u r i e s and t he d e e r  popu l a t i on had 
amp l e  t ime to adj u s t  to t he chang e s . A l s o , t h e p re s en c e  
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o f  aco rns and h i c k o ry nu t s  a t  t he s i t e i nd i c a t e s  an 
env i ronme n t  t h a t  may have been conduc i ve to wh i t e - t a i l ed 
d e e r  r e p roduc t i on . Thu s , e c o l o g i c a l  fac t o r s  p robab l y  d i d  
no t c a u s e  t he mo r t a l i t y p ro f i l e s f rom t h e  Hayes s i t e t o  
c o n s i s t  o f  p redom i nan t l y  young an i ma l s . 
Taphonom i c  i n t e r p re t a t i ons e x am i ne how a r t i f ac t s  
s u rv i ve i n  t he a rchaeo l o g i c a l  r e c o r d  and c ome t o  be 
e x am i ned by a rchaeo l og i s t s . I n  gene r a l , m o r e  robu s t  
e l emen t s  a re b e t t e r  r e p r e s en t ed i n  s i t e con t ex t s  ( B i n f o r d  
a n d  Be r t r am 1 9 7 7 ) . Young d e e r t e e t h  a r e unwo rn and 
s t r o ng e r  t han o l d e r  d e e r  t ee t h . The c rown o f  a young d e e r  
t o o t h  i s  ve ry h i gh com p a r e d  t o  o l d e r  d ee r , and a re much 
mo r e  l i k e l y  to res i s t  b reakage . Ve ry o l d  d e e r t ee t h  have 
ex t r eme l y  l ow c rown s , s ome t i me s a lmos t mee t i ng t he 
c e r v i c a l  l i ne , and much m o r e  l i k e l y  t o  b r eak . Howeve r ,  no 
d rama t i c  p ro po r t i ons of o l d  b roken d e e r  t ee t h  we re 
r e c ove red f rom t he Hay e s  s i t e s t ra t a  and t a phonom i c  
fac t o r s  may no t b e  t he be s t  i n t e r p re t a t i on f o r  t he l a rge 
num b e r  of  s u b - adu l t  wh i t e - t a i l ed d ee r . 
S e a s o n a l  d i f f e rences i n  t he s u b - adu l t  d e e r  a t  t he 
Hayes s i t e reve a l  mob i l i t y s t r a t e g i e s  f o r  t he Archa i c  
occupa t i ons o f  the s i t e .  Mo s t  o f  t he s ub - ad u l t s  we r e  
k i l l ed  f rom Sep t embe r t o  Novembe r ,  a n d  a l l we re k i l l ed 
f rom Sep t embe r t o  Feb rua ry . Du r i ng t he s e  s e a s ons , d e e r  
have acqu i r ed mo r e  we i gh t  f rom summe r feed i ng , and have 
s t o red fa t s  f o r  t he w i n t e r  wh i ch becom e s  d e p l e t ed by 
7 8  
Sp r i ng . The f a l l and w i n t e r  s ea s o n s  we re pe rhaps t he b e s t  
t i me t o  a c q u i re young d ee r , when t hey a r e mo s t  vu l ne r a b l e  
f rom g roup s eg rega t i on and h a d  acqu i red t he i r  w i n t e r  f a t  
d e p o s i t s . 
I n  a d d i t i on , t h e  fa l l  and ea r l y w i n t e r  s e a s o n s  
p rov i ded ac c e s s  t o  t w o  sub - adu l t  age coho r t s . Bo t h  t he 4 -
6 mon t h  and 1 6 - 1 8  mon t h  sub - ad u l t  c oho r t s  a r e p re s e n t  i n  
g re a t  abundance d u r i ng t he f a l l .  The s e  young coho r t s  
rep r e s en t easy , p l e n t i fu l  game and a n  exc e l l en t  s ou r c e  o f  
p r o t e i n . Thus , s e a sona l d i f fe rences may b e  a maj o r  fac t o r  
i n  t he m o r t a l i ty p ro f i l e s  o f  p redom i n a t e l y  s ub - adu l t s . 
F i na l l y ,  cu l t u r a l  phenomena may accoun t f o r  young 
d e e r  at t he Haye s s i t e . P l a i n l y and s imp l y , a cu l t u r a l  
i n t e rp re t a t i on sugge s t s  t ha t  young wh i t e - t a i l ed d e e r  may 
have been s e l ec t ed by A r c h a i c  pe r i od hun t e r s becau s e  t hey 
a re eas i e r  to s t a l k  and k i l l . Th i s  con f l i c t s  w i t h  hun t e r  
s e l ec t i on e x p l ana t i on s  by S t i ne r  ( 1 9 9 0 ) , who sugge s t s  a l l  
mode rn hun t e r s se l ec t ed p r i m e - aged a n i m a l s .  P r ime - aged 
a n i ma l s  have t he h i ghe s t  meat we i gh t s  and fat depos i t s , a s  
we l l  a s  an t l e r s  f r om ma l e  adu l t s  f o r  u s e  a s  t o o l s .  
Occupan t s  o f  t he Hayes s i t e we r e  l i v i ng a t  t he s i t e 
f o r  pa r t  o f  t he y e a r . Du r i ng t he ea r l i e s t  pe r i od t hey 
p r ac t i ced a f o rag i ng s t ra t egy , w i t h  m o r e  mob i l i t y and a n  
e a s i l y m a i n t a i ned t e c h n o l ogy ( Am i c k  1 9 8 4 ; Ca r r  1 9 9 1 ) .  
La t e r  pe r i o d s  o f  occupa t i on p r ac t i ced a f o r ag i ng and 
c o l l ec t i ng s t r a t egy , w i t h  s l i gh t l y  l e s s  m o b i l i ty and a 
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mo r e  cu r a t e d  t echno l ogy . Hayes s i t e occupan t s  a l s o 
c o l l e c t ed v a s t amou n t s  o f  f re s h - wa t e r  g a s t ropod s d u r i ng 
t he l a t e  M i d d l e  A r c ha i c  pe r i od , wh i l e o t he r  s u b s i s t ence 
s t r a t eg i e s r ema i ned the s ame ( Mo rey 1 9 8 8 ) . 
Hun t i ng young d e e r  may have been a s t r a t egy wh i ch 
comp l imen t ed o t he r ac t i v i t i e s , such a s  mo b i l i ty a s s oc i a t ed 
w i t h  fo rag i ng/co l l ec t i ng s t r a t e g i e s . Young d e e r a re 
e a s i e r  t o  k i l l , due t o  a l ac k  o f  e x p e r i ence and s p eed , 
t ha n  o l d e r  d e e r ( Coe e t  a l . 1 9 8 0 ) . I n  add i t i on , 
a d o l e s c e n t  ma l e s  go o f f  on t he i r  own a t  a n  e a r l y  age and 
a re an easy t a rg e t  ( Sad l i e r  1 9 8 7 ) . F i na l l y , t he s ma l l e r  
s u b - adu l t s  a r e  mo r e  e a s i l y t ra n s po r t e d  who l e  back t o  t he 
home s i t e and t he r e s u l t  i s  m o r e  c r an i a l / t oo t h  f ragmen t s  
o f  young d e e r  i n  t he a rchaeo l og i c a l  reco r d . 
I n  p a r t i cu l a r , i f  a s i n g l e  hun t e r  h a s  k i l l ed a p r im e ­
aged ma l e , we i gh i ng a s  much a s  2 0 0  pound s ( J a c o b s o n  and 
Re i ne r  1 9 8 9 ) , i t  wou l d  be ve ry d i f f i cu l t  to d rag t he who l e  
a n i m a l  a l on g  d i s t ance back t o  t h e  home s i t e .  Thus , h e  
m i gh t  e l ec t  t o  c a r ry mea t packages o f  t he u p p e r f o r e - a n d  
h i nd - l i m b s , l e av i ng c ran i a l  and l owe r l i mb bone s beh i nd . 
A hun t e r  i n  a s i m i l a r  s i t ua t i o n  who h a s  j u s t  k i l l ed a s u b ­
adu l t  d e e r , we i g h i ng abou t 7 5  pounds ( J a c o b s on and Re i ne r  
1 9 8 9 ) , wou l d  have a much e a s i e r  t ime g e t t i ng t h i s  a n ima l 
back t o  t he s i t e ,  t hu s  r e s u l t i ng i n  a l a rg e r  accumu l a t i o n 
o f  c ra n i a l  and l owe r l imb bones o f  young an i ma l s  a t  t he 
home s i t e . I t  i s , t h e r e f o re , n o t  c om p l e t e l y  unexpec t ed 
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f o r  many young dee r t o  be r e p r e s e n t e d  i n  t he mo r t a l i t y 
p ro f i l e s  o f  t he Haye s s i t e .  
Conclusion 
I n  c o nc l u s i on , Hayes s i t e m o r t a l i ty p r o f i l e s  f o r  
wh i t e - t a i l e d  d e e r  a re p re d om i nan t l y  s ub - ad u l t s d u e  t o  
s e a s o n a l  and cu l t u ra l  fac t o r s , ra t he r  t han me t hod o l og i ca l ,  
e c o l og i c a l  o r  t aphonom i c  r e a s o n s . Me t hodo l o g i c a l  b i a s e s  
a re d i sm i s s ed due t o  t h e p roven accu racy o f  t he c rown 
he i g h t  mea s u r eme n t  t ec h n i que . Eco l og i c a l  phenomena may be 
fac t o r s , b u t  env i ronmen t a l  f l u c t ua t i on s  occu r red ove r a 
l on g  pe r i od o f  t i me and t he wh i t e - t a i l ed d e e r  popu l a t i on 
a round t he s i t e may have s t a b i l i z ed . Taphonom i c  fac t o r s  
may b e  r e l a t ed t o  t he num b e r  o f  young d e e r  i n  t he 
m o r t a l i ty p r o f i l e s , bu t t he p re s en c e  o f  few b roken aged -
adu l t  dee r t ee t h  sugge s t s  t h i s  i s  no t a p ro b l em . Seas ona l 
fac t o r s  o f fe r  a good e x p l ana t i on o f  t he l a rge numbe r s  o f  
s u b - ad u l t s  a t  t he Hayes s i t e d u r i ng t he A rc h a i c  pe r i od . 
F i na l l y , an  an t h ro po l og i ca l  e x p l an a t i on ,  s u c h  a s  
pu r po s e f u l  s e l ec t i on o f  s u b - ad u l t  whi t e - t a i l e d d ee r , may 
be t he cau s e  o f  t he h i gh p e r c en t age o f  young i n  t he 
mo r t a l i ty p r o f i l e s . 
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Chapter V I I I : 
Summary 
Th i s  t he s i s  eva l u a t ed s eve ra l t o p i c s  i n  
a r c haeo l og i c a l  i nves t i g a t i on s . F i r s t , ag i ng t e chn i q u e s  
we re eva l ua t ed , a n d  a c rown h e i g h t  m e a s u remen t t e c hn i qu e  
d eve l o pe d , t o  i nve s t i g a t e  a g e s  o f  wh i t e - t a i l ed d e e r  f rom 
t he Hayes s i t e .  Second , mo r t a l i t y p ro f i l e  i n t e rp r e t a t i on s  
we re r e v i ewed t o  d e t e rm i ne h o w  t o  i n t e r p r e t  mo r t a l i t y 
p ro f i l e s  f o r  t he Haye s s i t e . Th i rd , s he l l  m i d d en r e s e a r c h  
w as revi ewed i n  an a t t em p t  t o  be t t e r  unde r s t an d  t he 
c u l t u r a l  c omp l ex i t i e s  o f  t he Hayes s i t e i n  M i d d l e  
Tenne s s e e , i nc lu d i ng t he many a r t i fac t s  t h a t  o f f e red 
i n s i gh t  i n t o  t he A rcha i c  occupa t i on s . Fou r t h , ma t e r i a l s  
and m e t h o d s  we re s t a t ed t o  i l l u s t ra t e  t he t e c h n i qu e s  u s e d  
t o  d eve l o p mo r t a l i t y p ro f i l e s . F i na l l y , r e s u l t s  f rom 
c o n s t ruc t i ng mo r t a l i t y p ro f i l e s  we re p re s e n t ed and 
d i s c u s s e d  to d e t e rm i ne hun t i ng i n t en s i t y and s e asona l i t y 
a t  t he Hay e s  s i t e s he l l  m i d d e n . 
Chap t e r  I I  e x am i ne d  me t ho d s  o f  e s t i ma t i ng age o f  
an i ma l s  i n  o rd e r  t o  d e r i ve a me t ho d  f o r  ag i ng wh i t e - t a i l ed 
d ee r . A r e l i a b l e  ag i ng t ec h n i que was d eve l oped w i t h  c rown 
he i gh t  m e a s u remen t s  on a k nown - age popu l a t i o n  of wh i t e -
t a i l ed d e e r  f rom t he M i s s i s s i p p i S t a t e  Un i ve r s i ty 
Depa r tmen t o f  Wi l d l i fe Resou r c e s . The bes t measu remen t 
fo r ag i ng wh i t e - t a i l ed d e e r  was t he he i gh t  o f  t he c rown 
f rom t he c e rv i ca l  l i n e  t o  t he occ l u s a l  s u r face on t he 
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po s t e r i o r  cus p , l i ngua l s u r face o f  t he t oo t h . S t a t i s t i c a l  
ana l y s i s  i nd i c a t e d  t h i s  measu r emen t  h a d  a h i gh deg ree o f  
r e l i ab i l i t y ,  and t h e  t echn i q u e  qua l i f i ed t o  b e  u s e d  o n  an 
a rc haeo l og i c a l  s amp l e  o f  wh i t e - t a i l ed d ee r . 
Chap t e r  I I I  p r ov i ded a rev i ew o f  t he i n t e r p re t a t i on s  
o f  mo r t a l i t y p ro f i l e s  i n  w i l d l i fe and zooa rchaeo l og i c a l  
l i t e r a t u re . Mo r t a l i t y p ro f i l e s  a r e  d e f i ned a s  e i t he r  
a t t r i t i on a l , l i v i ng - s t ruc t u re , o r  p r i me - d om i na t ed and a r e  
i n t e rp re t e d  by r e s e a rche r s  acco rd i ng t o  o b s e rva t i on s  i n  
mod e rn popu l a t i on s  ( Lyman 1 9 8 7 ; S t i ne r  1 9 9 0 , 1 9 9 1 ) .  The s e  
o b s e rva t i on s  gene ra l l y  s t em f rom s t u d i e s  o f  hun t i ng 
i n t en s i t y on an ima l popu l a t i on s , and s ea s o n a l  u s e  o f  
an i ma l s  ( Dav i s  1 9 8 7 ) . Hun t i ng i n t e n s i t y c a n  be 
i nv e s t i ga t e d  by d e t e rm i n i ng pe rcen t ag e s  o f  a n i ma l s  i n  
s p ec i f i c  age c a t e go r i e s . S e a s o na l i t y i s  be s t  s t ud i ed by 
e x am i n i ng pe r c e n t ages o f  s u b - ad u l t s  w i t h i n  s ea s ona l age 
ca t ego r i es . 
Chap t e r  I V  cons i s t e d  o f  a rev i ew o f  s he l l  m i d d en 
r e s e a rc h ; t h i s  rev i ew s howed t ha t  d u r i ng t h e  e a r l y  1 9 0 0 s  
mos t i n t e re s t was i n  t he human bu r i a l s  o f t en a s s oc i a t ed 
w i t h  s he l l  m i ddens . I n  t he l a t e  1 9 0 0 s , r e s e a rc he r s  found 
t h a t  i nves t i g a t i ng o t he r  a re a s , s u c h  a s  s t ra t i g raphy , 
l i t h i c s , f aun a l  r ema i ns , and pa l eobo t an i c a l  rema i ns , was a 
nece s s a ry pu r s u i t .  Excava t i ons a t  s he l l  moun d s  s u c h  a s  
t h e  C a r l s on Ann i s  mound n e a r  t h e  G r e e n  R i v e r , Kent u cky 
( S t e i n  1 9 8 2 ) , and t he Eva s i t e in Tenne s s ee ( Lewi s  and 
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Lew i s  1 9 6 1 ) bene f i t t ed f rom u s e  o f  s t ra t i g ra ph i c ,  l i t h i c , 
fauna l and b o t an i c a l  ana l y s e s . 
Chap t e r  I V  a l s o s umma r i z e d  p rev i ou s  i nve s t i g a t i o n s  o f  
t he Hayes s i t e ,  a l ong t he Duck R i v e r  i n  M i dd l e  Tennes s ee . 
I nv e s t i g a t i on s  reve a l ed e a r l y  M i dd l e , l a t e  M i d d l e  and L a t e  
A r c ha i c  occupa t i o n s  d a t i n g f rom 6 , 0 0 0 - 4 , 0 0 0  yea r s  ago 
( Mo rey 1 9 8 8 ; Tu rne r et a l . 1 9 8 2 ) . Re s ea rc h  at t he Hayes 
s i t e i nc l ud e d  s t ra t i g raph i c , l i t h i c , fauna l and bo t a n i c a l  
a na l y s e s . S t r a t i g r aph i c  ana l ys e s  s h e d  l i g h t  on t he 
c om p l i c a t e d , two -me t e r  t h i ck , d e p o s i t s a t  t he s i t e ( Mo rey 
1 9 8 8 ) . S t ud i e s  o f  l i t h i c  t ec h n o l ogy s u g ge s t e d  a s h i f t  
f rom a non - l og i s t i c , f o r a g i ng o rgan i za t i on t o  a l og i s t i c , 
fo r ag i ng - co l l e c t i ng o rg an i z a t i o n  ( Am i c k  1 9 8 7 ; Ca r r  1 9 9 1 ) .  
Fauna l a n a l y s i s  conduc t e d  by Mo rey ( 1 9 8 8 ) c o n t ends 
s u b s i s t en c e  r ema i ned t he s ame f o r  much of  t he Haye s s i t e 
occupa t i on , e x c e p t  fo r vas t s he l l f i s h c o n s ump t i on d u r i ng 
t he l a t e  M i d d l e  A r c ha i c . Pa l eobo t an i ca l  r e s e a rch 
d o c ume n t e d  t he f i r s t  s un f l owe r dome s t i c a t e , a s  we l l  a s  
maj o r  c o n s ump t i on o f  h i c k o ry nu t s  ( C r i t e s  1 9 8 7 ) . The s e  
ana l y s e s  d ep i c t  a c l ea r i mage o f  l i f eways a t  t he Hay e s  
s i t e . 
Chap t e r  V d e s c r i bed t he ma t e r i a l s  and me t ho d s  u s ed t o  
d e r i ve mo r t a l i t y p ro f i l e s  fo r t he Hay e s  s i t e wh i t e - t a i l e d  
d e e r  r ema i ns . Ma t e r i a l s  fo r t he mo r t a l i t y p ro f i l e 
a na l ys i s  i nc l ude t e e t h  c o l l ec t ed f r om a l l  t he e x c ava t ed 
u n i t s  and l eve l s  a t  t he Haye s s i t e .  To t a l  numbe r o f  
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i nd i v i dua l s pec imens i s  2 6 8 , and t he f i r s t  p e rmane n t  mo l a r  
wa s u s e d  t o  c a l cu l a t e  mo r t a l i t y w i t h  a t o t a l  o f  1 0 0 . 
Numbe r o f  i nd i v i du a l  s p e c i mens fo r t he e a r l y  M i d d l e  
A r c ha i c  i s  2 5 ,  l a t e  M i d d l e  A r c ha i c  i s  5 8 , and L a t e  A r c h a i c  
i s  1 7 . 
The f ou r t h  dec i duou s p r emo l a r  was a l s o  u s ed t o  
c a l cu l a t e s e a s ona l d i f fe renc e s  i n  s ub - adu l t mo r t a l i t y a t  
t h e  Haye s s i t e .  A t o t a l  o f  2 3  fou r t h  dec i d u ou s P remo l a r s  
we r e  recove r e d  f rom t h e  Haye s u n i t s . The e a r l y  M i d d l e  
A rc ha i c  con t a i ned 8 fou r t h  d ec i duous P remo l a r s , t h e  l a t e  
M i d d l e  A r c h a i c  1 2 , and t he La t e  A r c ha i c  con t a i ned 3 .  
A l t hough t he s e  numbe r s  a re sma l l  t hey r e p r e s e n t  a 1 0 0% 
s amp l e  o f  t he fou r t h  d e c i duous p r emo l a r s  r e c ove red f rom 
t he Hayes s i t e excava t i on s . 
Age c a t eg o r i e s  we r e  d e t e rm i ned by d en t i t i on , max i mum 
we i g h t s  and an t l e r  deve l opmen t , and r e p roduc t i on .  S u b ­
a du l t s a re c l a s s i f i ed a s  u p  t o  1 8  mont hs o l d , p r i me - ad u l t s  
a re f rom 1 9  t o  7 2  mon t hs o l d , and age d - adu l t s  a re 7 3 - 1 5 6 
mon t h s  o l d . The s e  b road age c a t e go r i e s a re u s e d  by o t he r  
r e s ea rche r s  s u c h  a s  S t i n e r  ( 1 9 9 0 , 1 9 9 1 ) ,  s i n c e  b r oad e r  
c a t e go r i e s  e l i m i n a t e  p rob l ems w i t h  ag i ng t e c hn i que 
va r i ab i l i ty .  
A mod i f i ed i t e r a t ed age l eng t h  k ey was u s e d  t o  
con s t ruc t t he p r o f i l e s . Ba s ed o n  means and va r i an c e s  fo r 
t oo t h  c r own he i g h t  i n  a k nown - age popu l a t i on ,  t h i s  me t ho d  
ca l cu l a t e s  t he l i k e l i hood o f  ob t a i n i ng means and va r i an c e s  
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f o r  age g roups i n  an unknown popu l a t i on ( Kon i g s be r g  and 
F r ankenb e r g  1 9 9 2 ) . P e r c e n t ag e s  fo r e a c h  age g roup we re 
d e r i v e d , and c h i - s q u a r e s  we r e  c a l cu l a t e d  to d e t e rm i ne 
s i gn i f i c ance o f  t he re s u l t s . 
Chap t e r  V I  d e s c r i be d  mo r t a l i t y p ro f i l e s  d e r i ved f rom 
b o t h  f i r s t  mo l a r s  and fou r t h  d ec i duous p remo l a r s  p rov i d e d  
s ome i n t e re s t i ng r e s u l t s . T h e  r e s u l t s  f rom t he f i rs t  
mo l a r  i n d i c a t e  ea r l y  M i d d l e  A r c ha i c  mo r t a l i t y p ro f i l e s  f o r  
wh i t e - t a i l ed d e e r  we r e  8 7% s u b - adu l t s , 1 3% p r i me - adu l t s , 
and no aged adu l t s  we re p re s en t . La t e  M i d d l e  A r c h a i c  
p ro f i l es had 7 1 % s u b - adu l t s , 2 5% p r i me - adu l t s , and 4 %  
a g e d - adu l t s . F i na l l y , La t e  A r ch a i c  wh i t e - t a i l ed d e e r 
mo r t a l i t y i nc l uded 5 1 % s ub - adu l t s , and 4 9% p r i me - adu l t s . 
The c h i - s q u a re s t a t i s t i c a l  ana l y s i s  i nd i c a t ed no 
s i g n i f i c an t  d i f fe r ence be tween the t h ree s t r a t a . 
Mo r t a l i ty p ro f i l e s  b a s e d  on t he f ou r t h  d e c i duous 
p remo l a r  we r e  based on s e a s ona l f l uc t ua t i on s  i n  t h e  s u b ­
a d u l t  a g e  c a t e g o ry . The e a r l y  M i d d l e  A r c ha i c  was 
c h a r ac t e r i z ed by a l l fa l l  s ub - adu l t  wh i t e - t a i l ed d e e r  
mo r t a l i ty .  L a t e  M i d d l e  and L a t e  Archa i c  s u b - adu l t s  we re 
k i l l ed in  t he f a l l and w i n t e r  s e a s on s . A c h i - s q u a r e  
s t a t i s t i c a l  ana l y s i s  s hows t h i s  s i g n i f i ca n t  a t  . 1 0 w i t h  3 
d e g r e e s  o f  f r eedom . 
The r e su l t s  o f  t he mo r t a l i ty p ro f i l e  ana l ys i s  we r e  
d i s c u s s e d  i n  Chap t e r  V I I a n d  i nd i c a t ed a p redom i nance o f  
young wh i t e - t a i l ed d e e r  f rom t he s i t e .  Th i s  cou l d  b e  d u e  
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t o  me t hodo l og i c a l , eco l og i ca l , t aphonom i c , s ea s on a l  o r  
an t h ropo l og i c a l  fac t o r s . Me t hodo l og i c a l l y , t he ag i ng 
t echn i qu e  me t hod may be s k ewed t owa r d s  young e r  
i n d i v i du a l s , b u t  a n a l y s i s  sugge s t s  t he t ec h n i que i s  
r e l i ab l e . Eco l o g i c a l  f ac t o r s  s u c h  a s  env i r o nmen t  and 
wh i t e - t a i l ed d e e r  popu l a t i on s t ruc t u re cou l d  p l ay a r o l e , 
bu t t he occup a t i on o f  t he s i t e i s  s p read o u t  ove r s u c h  a 
l on g  p e r i o d  o f  t ime t h a t  s t ab i l i z a t i on c an be a s s um e d . 
Taphonom i c  fac t o r s , s u c h  a s  t he s u rv i va l  o f  young wh i t e ­
t a i l ed d e e r  t e e t h  i n  t he a r c haeo l og i c a l  r e c o r d , may be 
i mpo r t an t . Sub- adu l t  d e e r t e e t h  a re u nwo r n  and have a 
b e t t e r  chance o f  p r e s e rv i ng . Howeve r ,  few u n b roken a g e d ­
adu l t  d e e r t e e t h  we r e  r e c ove re d . S e a s o n a l  fac t o r s  
i nd i c a t e  wh i t e - t a i l ed d e e r i n  t he f a l l  and w i n t e r  s e a s o n s  
wou l d  have co l d  s e a s on fa t d e p o s i t s , a n d  may have b e e n  a n  
a t t r ac t i v e  s o u rce o f  food . I n  ad d i t i on , t wo s ub - ad u l t 
coho r t s  a re p re s e n t  i n  abundance d u r i ng t h e  f a l l  and 
w i n t e r , p re s en t i ng many hun t i ng oppo r t u n i t i e s . F i na l ly , 
an  a n t h ropo l og i c a l  i n t e r p re t a t i on i s  t h a t  Hayes s i t e 
h u n t e r s  we r e  s e l e c t i n g  young , eas i e r  t o  k i l l , d e e r  and 
b r i ng i ng t he who l e  ca r c a s s back t o  t he s i t e .  Th i s  s eems 
p l au s i b l e  s i nc e  young d e e r  a re p l en t i fu l  i n  mos t 
popu l a t i on s  and l e s s  expe r i enced a t  avo i d i ng hun t e r s . I n  
a d d i t i on , g roup hun t i ng t ec h n i ques s u c h  a s  ambu s h i ng o r  
ne t - hu n t i ng c ou l d  r e s u l t  i n  a p redom i nan t l y  young o r  
l i v i ng - s t ruc t u re mo r t a l i t y p r o f i l e . 
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Chap t e r  V I I I  conc l ud e d  t h a t  i nves t i g a t i ng wh i t e ­
t a i l ed d e e r mo r t a l i t y can add s ome i ns i g h t  i n t o  r e s e a r c h  
a t  an  A r c h a i c  pe r i od s he l l  m i d d en . Wh i t e - t a i l ed d e e r  a r e  
a n  i m po r t an t  p a r t  o f  t he d i e t , and r e s e a r c he r s  canno t 
a s s ume t ha t  a l l mod e r n  hun t e r s  p r o d u c e  p r i me - d om i n a t ed 
mo r t a l i t y p r o f i l e s . The b a l ance o f  hun t i ng i n t en s i t y i s  
ve ry comp l i ca t ed and can on l y  be unde r s t ood t h rough 
mo r t a l i ty p ro f i l e  i nv e s t i g a t i on s . 
Resu l t s f rom t he Haye s s i t e i nd i ca t e  young d e e r  we r e  
p re d om i na n t  i n  t he A r c ha i c  pe r i od occupa t i on s , r e su l t i n g  
i n  a l i v i n g - s t ruc t u re mo r t a l i t y p ro f i l e s f o r  a l l t h re e  
A rcha i c  occupa t i on s . S e a s ona l occupa t i on o f  t h e  Hayes 
s i t e was p robab l y  du r i n g  t he f a l l ,  pa r t i cu l a r l y d u r i ng t he 
e a r l y  M i d d l e  A rcha i c . Seas ona l occupa t i on e x t en d e d  i n t o  
t he w i n t e r  d u r i ng t he l a t e r  occupa t i on s  o f  t h e  s i t e , wh i c h  
may c o i nc i d e  w i t h  t h e  wa rm i ng and d ry i ng t r end pos t u l a t e d  
fo r t h i s  pe r i o d . 
Me t ho d s  f o r  ag i ng wh i t e - t a i l ed d e e r wou l d  be 
s t r e n g t hened w i t h  s t a t i s t i c a l  ana l y s i s  o f  t h e  va r i ab l es i n  
t h e  M i s s i s s i pp i  S t a t e Un i ve r s i t y s amp l e . I n  pa r t i cu l a r , 
d i f f e renc e s  be tween c ap t i ve and w i l d , and ma l e  and f ema l e  
wh i t e - t a i l ed d e e r . A l t hough s c a t t e r  p l o t s  i l l u s t ra t e  t he 
r e l a t i on s h i p  be tween t he s e  va r i a b l e s , an  i n  d e p t h  
s t a t i s t i c a l  ana l ys i s  wou l d  s t r e ng t h e n  i n f o rma t i on d e r i v e d  
w i t h  t h e  M i s s i s s i p p i  S t a t e  Un i v e r s i t y s am p l e . 
8 8  
Fu t u re re s e a r c h  on wh i t e - t a i l ed d e e r mo r t a l i t y s hou l d  
i nc l ud e  i nve s t i ga t i o n s  o f  l on g  bone f u s i on t o  de t e rm i ne 
t he p r opo r t i on s  o f  young and p r i me d e e r  a t  t he Hay e s  s i t e . 
T h i s  w i l l  he l p  d e t e rm i ne cu l t u ra l  phenomena a f fec t i ng 
wh i t e - t a i l ed d e e r  d e p o s i t i on a t  t he s i t e .  I n  a d d i t i on , 
cemen t um annu l i coun t s  c an be s t u d i e d t o  d i s c ove r m o r e  
abou t s e a s ona l i t y o f  wh i t e - t a i l ed d e e r f rom t he s i t e .  
Ceme n t um annu l a t i on may n o t  b e  t he be s t  me t hod fo r 
d e t e rm i n i n g  age , bu t i t  i s  i d e a l l y  s u i t e d  fo r s e a s ona l 
s tu d i e s . 
8 9  
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Ap pend i x  1 :  Wh i t e - t a i l ed Dee r Cod i ng Fo rma t 
1 .  Specimen Number 
2 .  Locality ( S t a t e , Coun t y ) 
3 .  Date of Death ( Mon t h ) 
4 .  Sex ( M - Ma l e , F - Fema l e , U - Unk nown ) 
5 .  Weight ( K i l og rams , o r  Pound s ) 
6 .  Epiphyseal Fusion Age 
7 .  Dental Annuli Count ( #  o f  annu l i , age ) 
8 .  Mandible Side 
9 .  Dental Matching Age 
- Sc hwa r t z  and Schwa r t z , 1 9 6 4 ; Seve r i nghau s , 1 9 4 9 . 
1 0 . Cervical Line 
P 4 \M 1 \M2 
1 - Be l ow 
2 - Pa r t l y 
3 - Above 
M 3  
3 - Cu s p  1 , 2 Above 
4 - Cu s p  1 , 2 , 3  Above 
1 1 .  Wear Index ( 0 - 7 )  
- Ko i k e  and Oh t a i s h i , 1 9 8 5 . 
1 2a .  Crown Height ( d P4 , P4 , M 1 , M2 , M 3 ) 
- K l e i n  e t  a l . ,  1 9 8 1 : M i n i mum d i s t an c e  f rom a n t e r i o r , 
occ l u s a l  s u r face t o  c e rv i c a l  l i ne ,  on t h e  bu c c a l  su r face . 
1 2b .  Crown Height ( d P4 , P4 , M 1 , M2 , M 3 ) 
- Ko i ke and Oh t a i sh i , 1 9 8 5 : Ce rv i c a l  l i ne t o  t o p o f  c u s p s , 
on  t he l i ngua l s u r face ( d P4 , P4 , M 1 /M2 : Po s t e r i o r  Cu s p , 
M 3 : An t e r i o r  Cus p ) . 
1 3 . Crown Width 
- W i d t h  o f  c u s p s  a t  occ l u s a l  s u r face , ca l i pe r s  l i ned up 
w i t h  bo t h  t he cu s p s  ( an t e r i o r  t o  pos t e r i o r ) ,  s ame ang l e  a s  
t oo t h  i n  j aw .  
1 4 . Crown Breadth 
- B read t h  o f  c u s p s  a t  occ l u s a l  s u r face , c a l i pe r s  l i ned u p  
w i t h  bo t h  c u s p s  ( l i ngua l t o  l a b i a l ) ,  s ame ang l e  a s  t oo t h  
i n  j aw .  
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Append i x  2 :  M i s s i s s i p p i  Wh i t e - t a i l ed Dee r I n f o rma t i on 
Ca t a l og Wea r  & Ceme n t um C r own 
Numb e r Age Rep l ac e  Annu l i  He i g h t  DP4 CH P 4 CH M 1 CH 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 0 1 6 3  3 0  4 1  8 . 0 3 9 . 6 5 
0 0 3  6 6  6 6  6 1  5 . 3 8 5 . 3 9 
0 0 4  5 5  6 6  6 6  5 7  5 . 6 7 6 . 4 6 
0 0 6  5 4  4 2  4 2  5 0  6 . 9 6 8 . 3 0 
0 0 7  9 0  1 0 2 1 1 4 1 0 0 3 . 1 1  3 . 4 0 
0 1 0  2 8  3 0  3 0  3 8  7 . 2 4 8 . 2 5 
0 1 1  4 5  4 2  3 6  4 5  7 . 0 3 9 . 5 6 
0 1 4  9 6 1 3  5 . 3 8 1 0 . 6 0 
0 1 5  7 8  6 6  7 8  7 2  6 . 4 9 7 . 3 6 
0 1 6  3 0  3 0  3 6  7 . 4 6 8 . 2 3 
0 1 8  3 0  3 0  3 3  5 . 8 0 9 . 3 4 
0 2 0  7 8  5 4  6 3  6 . 0 8 8 . 3 0 
0 2 2  8 6  7 8  9 0  8 4  4 . 3 0 4 . 2 4 
0 2 3  7 8  6 6  7 8  7 3  7 . 3 6 5 . 7 7 
0 2 7  4 1  4 2  5 4  4 2  7 . 7 3 5 . 9 2 
0 2 8  7 8  9 0  1 0 2 8 3  3 . 9 3 4 . 0 1  
0 3 1  5 1  4 2  5 0  7 . 4 3 7 . 9 6 
0 3 6  1 8  1 8  1 8  1 5  6 . 1 1 1 1 . 3 3 
0 3 7  5 4  5 4  5 0  6 . 3 8 8 .  1 3  
0 3 8 5 3  6 6  7 3  4 . 5 3 4 . 5 8 
0 3 9  5 1  4 2  5 4  5 2  4 . 5 0 7 . 8 7 
0 4 0  4 2  4 2  5 0  5 . 6 4 6 . 2 8 
0 4 2  5 4  4 2  5 7  6 . 9 9 7 .  1 0  
0 4 3  3 0  3 0  3 0  3 8  6 . 2 4 8 . 5 1 
0 4 6  2 7  3 0  3 0  3 5  7 . 4 0 8 . 9 9 
0 4 7  4 2  5 4  4 9  6 . 4 9 7 .  1 6  
0 4 8  3 9  3 0  3 0  4 2  7 . 7 0 1 0 . 2 2 
0 4 9  1 8  3 0  3 0  1 2  6 . 9 6 7 . 9 1 
0 5 0 1 8  1 8  1 2  4 . 6 7 1 1 . 9 5 
0 5 1  5 1  4 9  6 . 4 8 7 . 0 4 
0 5 2  2 6  3 0  3 5  7 . 3 0 8 . 3 3 
0 5 5  1 5  1 8  1 5  4 . 8 5 1 1 . 6 3 
0 5 6  3 0  3 0  3 0  3 0  7 . 0 7 8 . 8 8 
0 5 9  5 4  5 4  6 0  8 . 5 4 6 . 8 4 
0 6 0  2 9  3 0  3 0  3 3  8 . 2 4 1 0 . 3 8 
0 6 4  4 2  4 2  4 2  4 5  5 . 4 2 7 . 5 9 
0 6 5  4 0  4 2  4 2  4 6  6 . 2 7 8 . 0 5 
0 6 6  2 8  4 2  4 2  3 7  6 .  1 9  7 . 9 1 
0 68 5 4  4 2  4 2  5 3  6 . 2 4 7 . 4 4 
0 7 2  5 4  6 6  6 6  5 4  6 . 6 5 6 . 4 1 
0 7 6  1 0  6 1 0  6 . 6 1 
0 7 8 4 2  4 2  5 4  5 4  5 . 9 9 7 . 4 2 
0 8 0  1 8  1 8  1 7  6 . 0 5 8 . 3 1 
0 8 5  2 9  3 0  4 2  4 5  7 .  1 2  7 . 3 2 
0 8 8  5 4  4 2  4 2  5 3  6 . 1 1 6 . 5 0 
0 9 5  6 6  5 4  7 8  6 5  6 . 0 1 6 . 4 0 
1 0 6 
Ca t a l o g  We a r  & Ceme n t um C rown 
Numbe r Age Rep l ac e  Annu l i  He i g h t  DP4CH P 4 CH M 1 CH 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 9 7  5 4  4 2  5 4  6 . 6 6 7 . 3 9 
1 0 0  1 9  1 8  1 8  3 8  5 . 8 4 8 . 9 2 
1 0 1  4 2  3 0  3 0  4 2  5 . 7 4 8 . 4 0 
1 0 2  6 6 6 6 7 . 7 9 
1 0 5  5 4  4 2  4 2  5 4  5 . 7 2 7 . 5 8 
1 1 1  1 0  6 6 1 2  6 . 0 1 
1 1 2  4 6 6 1 1  6 . 2 7 
1 1 3 7 8  6 6  7 8  7 2  6 . 4 4 7 . 0 0 
1 1 4 3 0  3 0  5 4  3 8  6 . 5 4 8 . 0 6 
1 1 5 4 2  4 2  4 2  5 0  4 . 0 0 6 . 0 9 
1 1 6  6 7  4 2  6 6  5 7  6 . 5 5 7 . 8 6 
1 2 4  7 8  4 2  5 4  5 7  6 . 2 3 7 .  4 3  
1 2 5  8 6  7 8  9 0  8 5  5 . 6 9 4 . 8 6 
1 2 7  1 6  1 8  1 8  1 6  4 . 3 9 1 0 . 7 5 
1 2 8 2 9  3 0  3 0  3 4  8 . 6 7 8 . 9 3 
1 2 9 4 1  4 2  5 4  4 7  5 . 6 3 8 . 0 7 
1 3 1  5 1  4 2  5 4  4 9  7 . 3 0 7 . 8 4 
1 3 2 1 6 6 1 2 6  1 2 6  1 6 2  . 7 2 2 .  1 0  
1 3 3 4 5  4 2  4 2  4 0  8 . 3 6 1 0 . 8 9 
1 3 7 1 8  1 8  6 1 9  6 . 1 1 1 1 . 5 0 
1 3 9 1 8  1 8  1 8  1 5  4 . 9 3  9 . 4 9 
1 4 0  1 8  1 8  1 8  1 7  1 0 . 6 2 
1 4 4  8 0  9 0  1 0 2  1 0 0  3 .  1 0  2 . 6 0 
1 4 5  1 7  1 8  1 8  1 8  5 . 6 3 1 0 . 3 0 
1 4 6  1 8  1 8  1 8  1 7  3 . 7 5 1 0 . 1 7 
1 4 8  3 0  3 0  3 0  3 9  6 . 9 8 8 . 8 5 
1 4 9 5 1  4 2  5 4  4 7  7 . 6 0 9 . 9 2 
1 5 0 1 7  1 8  1 8  1 6  4 . 5 0 1 0 . 0 4 
1 5 1  9 1 8  1 4  4 . 8 6 9 . 2 6 
1 5 2 1 8  1 8  1 8  2 2  9 . 2 8 
1 5 3 1 8  1 8  6 1 8  3 . 2 2 8 . 5 1 
1 5 5 2 9  3 0  3 0  3 8  7 . 7 1 7 . 7 9 
1 5 6 6 6 6 1 3  5 . 7 6 1 1 . 0 9 
1 59 5 3  5 4  4 8  7 2  4 . 6 1 3 . 6 8 
1 6 1  1 6  1 4  5 . 3 9 1 0 . 4 4 
1 6 3 1 8  1 8  1 8  1 9  4 . 3 3 1 0 . 9 8 
1 6 4  2 7  3 0  3 0  3 3  6 . 6 6 9 . 4 5 
1 6 5  5 4  4 2  5 4  5 3  7 . 8 2 8 . 7 9 
1 6 7 5 6 7 7 . 5 2 
1 6 9 5 2  4 2  4 0  9 . 1 1 8 . 8 1 
1 7 1 7 6 1 4  5 . 1 1 9 . 5 3 
1 7 2 3 9  4 2  4 2  4 1  7 . 7 3 9 . 5 1 
1 7 3 1 7  1 8  1 4  5 . 1 0 1 0 . 6 8 
1 7 4 5 3  5 4  4 2  5 5  6 . 4 4 7 . 3 4 
1 7 6 5 3  4 2  5 6  5 . 8 3 6 . 9 9 
1 7 9 4 2  4 2  4 2  4 2  6 . 1 5 8 . 2 8 
1 8 0  7 2  5 4  6 6  5 . 6 7 6 . 8 4 
1 0 7  
C a t a l og We a r  & Ceme n t um C rown 
Numb e r  Age Rep l ac e  Annu l i  He i gh t  DP4 CH P 4 CH M l CH 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 8 1  8 8  9 0  1 0 2 1 0 4 2 . 9 3 
1 8 3  3 0  3 0  3 2  8 .  1 3  8 . 1 8 
1 8 5  6 0  5 4  5 6  6 . 2 9 8 . 0 9 
1 8 6  6 3  5 4  5 5  5 . 9 6 7 . 5 1 
1 8 7  4 2  3 0  4 4  7 . 2 6 7 . 8 6 
1 8 9  2 8  3 0  2 9  7 . 9 1 9 . 8 3 
1 9 0  7 8  7 8  5 1  6 . 3 9 9 . 3 5 
1 9 1  2 8  3 0  3 0  6 . 7 8 9 . 7 1 
1 9 2  1 4 9 7 9  6 . 2 6 8 . 0 1 
1 9 5  1 5  1 6  4 . 1 1 1 0 . 8 8 
1 9 7  5 3  4 5  3 . 9 7 9 . 0 9 
1 9 8  7 8  5 4  5 8  5 . 69 8 . 2 5 
ABB 1 0 1  7 2  4 . 6 4 5 . 9 0 
ANT 1 0 2  9 1  3 . 9 1 4 . 8 4 
DON 1 5 6 1 0 6  3 . 2 4 3 . 6 5 
GON 1 0 2  9 6  3 . 3 1 5 . 9 1 
J OE 1 0 2  8 4  4 . 1 2 6 . 0 6 
KEN 8 9  8 8  3 . 6 9 5 . 9 4 
NAP 1 0 2  8 5  4 . 36 4 . 9 0 
ROM 5 4  6 2  6 . 6 7 8 . 7 5 
SAM 6 6  6 1  6 . 0 2 7 . 7 8 
TEX 1 1 3 1 0 5  4 . 7 2 5 . 8 3 
W I S  7 8  6 4  5 . 3 9 7 . 0 4 
1 0 8 
Append i x  3 :  Hayes Wh i t e - t a i l ed Dee r  I nd i v i d u a l  Age 
S t ra t a  C r own He i gh t  C r own He i g h t  Sq Age 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 1 1 . 8 9 1 4 1 . 3 7 1 1  
2 1 1 . 6 4 1 3 5 . 4 9 1 3  
2 1 1 . 1 3 1 2 3 . 8 8 1 7  
2 1 0 . 8 8 1 1 8 . 3 7 2 0  
2 1 0 . 8 3 1 1 7 . 2 9 2 0  
2 1 0 . 1 2  1 0 2 . 4 1  2 6  
2 9 . 9 0 9 8 . 0 1 2 8  
2 8 . 4 9 7 2 . 0 8 4 2  
2 8 . 3 3 6 9 . 3 9 4 4  
2 8 . 2 4 6 7 . 9 0 4 5  
2 8 . 1 9 6 7 . 0 8 4 6  
2 7 . 4 3 5 5 . 2 0 5 4  
2 6 . 3 1 3 9 . 8 2 6 7  
2 6 . 3 0 3 9 . 6 9 6 7  
2 6 . 1 8 3 8 . 1 9 6 9  
2 6 . 1 1 3 7 . 3 3 6 9  
2 5 . 8 7 3 4 . 4 6 7 2  
3 1 2 . 6 4 1 5 9 . 7 7 5 
3 1 2 . 1 6 1 4 7 . 8 7 9 
3 1 1 . 9 0 1 4 1 . 6 1 1 1  
3 1 1 . 7 7 1 3 8 . 5 3 1 2  
3 1 1 . 3 7 1 2 9 . 2 8 1 5  
3 1 1 . 3 6 1 2 9 . 0 5 1 5 
3 1 1  . 1 2  1 2 3 . 6 5 1 8  
3 1 1  . 1 1  1 2 3 . 4 3 1 8  
3 1 1 . 0 7 1 2 2 . 5 4 1 8  
3 1 1 . 0 2 1 2 1 . 4 4 1 8  
3 1 1 . 0 2 1 2 1 . 4 4 1 8  
3 1 0 . 8 9 1 1 8 . 5 9 2 0  
3 1 0 . 8 8 1 1 8 . 3 7 2 0  
3 1 0 . 8 7 1 1 8 . 1 6 2 0  
3 1 0 . 7 7 1 1 5 . 9 9 2 1  
3 1 0 . 6 5 1 1 3 . 4 2 2 2  
3 1 0 . 5 3 1 1 0 . 8 8 2 3  
3 1 0 . 4 4 1 0 8 . 9 9 2 3  
3 1 0 . 4 4 1 0 8 . 9 9 2 3  
3 1 0 . 4 4 1 0 8 . 9 9 2 3  
3 1 0 . 4 1 1 0 8 . 3 7 2 4  
3 1 0 . 3 8 1 0 7 . 7 4 2 4  
3 1 0 . 3 8 1 0 7 . 7 4 2 4  
3 1 0 . 3 6 1 0 7 . 3 3 2 4  
3 1 0 . 3 1 1 0 6 . 3 0 2 5  
3 1 0 . 2 5 1 0 5 . 0 6 2 5  
3 1 0 . 0 8 1 0 1 . 6 1 2 7  
3 9 . 8 7 9 7 . 4 2 2 9  
3 9 . 8 3 9 6 . 6 3 2 9  
1 0 9 
S t r a t a  C r own He i gh t  C r own He i gh t  Sq Age 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 9 . 8 0 9 6 . 0 4 2 9  
3 9 . 68 9 3 . 7 0 3 1  
3 9 . 5 4 9 1 . 0 1 3 2  
3 9 . 3 5 8 7 . 4 2 3 4  
3 9 .  1 5  8 3 . 7 2 3 6  
3 8 . 9 9 8 0 . 8 2 3 7  
3 8 . 6 4 7 4 . 6 5 4 1  
3 8 . 6 1 7 4 . 1 3 4 1  
3 8 . 4 1  7 0 . 7 3 4 3  
3 8 . 1 0 6 5 . 6 1 4 7  
3 8 . 0 3 6 4 . 4 8 4 7  
3 7 . 9 3 6 2 . 8 8 4 8  
3 7 . 7 0 5 9 . 2 9 5 1  
3 7 . 3 9 5 4 . 6 1 5 4  
3 7 . 3 7 5 4 . 3 2 5 5  
3 7 . 3 2 5 3 . 5 8 5 5  
3 7 . 2 2 5 2 . 1 3  5 6  
3 7 .  1 9  5 1 . 7 0 5 7  
3 7 . 1 9 5 1 . 7 0 5 7  
3 6 . 9 4 4 8 . 1 6 6 0  
3 6 . 6 6 4 4 . 3 6 6 3  
3 6 . 3 4 4 0 . 2 0 6 7  
3 6 . 3 1 3 9 . 8 2 6 7  
3 5 . 4 9 3 0 . 1 4  7 7  
3 5 . 4 6 2 9 . 8 1 7 7  
3 5 . 2 8 2 7 . 8 8 8 0  
3 5 .  1 5  2 6 . 5 2  8 1  
3 4 . 5 0 2 0 . 2 5 9 0  
3 4 . 3 3 1 8 . 7 5 9 2  
4 1 2 . 9 4 1 6 7 . 4 4 3 
4 1 1 . 1 3 1 2 3 . 8 8 1 7  
4 1 0 . 7 7 1 1 5 . 9 9 2 1  
4 1 0 . 7 3 1 1 5 . 1 3  2 1  
4 1 0 . 7 0 1 1 4 . 4 9 2 1  
4 1 0 . 5 3 1 1 0 . 8 8 2 3  
4 1 0 . 2 4 1 0 4 . 8 6 2 5  
4 9 . 8 4 9 6 . 8 3 2 9  
4 9 . 5 4 9 1 . 0 1 3 2  
4 9 . 5 2 9 0 . 6 3 3 2  
4 9 . 5 0 9 0 . 2 5 3 2  
4 9 . 4 9 9 0 . 0 6 3 2  
4 9 . 0 5 8 1 . 9 0 3 7  
4 9 . 0 4 8 1 . 7 2 3 7  
4 8 . 8 1 7 7 . 6 2 3 9  
4 8 . 7 4 7 6 . 3 9 4 0  
4 8 . 6 8 7 5 . 3 4 4 1  
4 8 . 4 7 7 1 . 7 4 4 3  
1 1 0  
S t ra t a  C rown He i gh t  C r own He i g h t  Sq Age 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4 8 . 1 2 6 5 . 9 3 4 6  
4 7 . 8 6 6 1 . 7 8 4 9  
4 7 . 8 4 6 1 . 4  7 4 9  
4 7 . 5 2 5 6 . 5 5 5 3  
4 7 . 4 7 5 5 . 8 0 5 3  
4 7 . 2 7 5 2 . 8 5 5 6  
4 6 . 3 4 4 0 . 2 0 6 7  
1 1 1  
Vi t a  
Renee Beauch amp was b o r n  Ap r i l  3 0 , 1 9 6 8  i n  A l l en t own , 
Pen n s y l van i a . She a t t en d e d  B l ue Moun t a i n  E l emen t a ry 
S c hoo l and g radua t e d  f rom B l ue Moun t a i n  H i gh Schoo l i n  May 
o f  1 9 8 6 . She ea rned he r B . A .  i n  An t h r opo l ogy f rom I nd i ana 
U n i ve r s i ty of  Pennsyl van i a  in  May of  1 9 9 0 . She began h e r 
g radu a t e  s tu d i e s  a t  t he Un i ve r s i t y o f  Tenne s s ee 
An t h ro p o l ogy Depa r tm e n t  i n  Aug us t  o f  1 9 9 0  and rece i v e d  h e r  
M . A .  i n  An t h ropo l ogy i n  Decemb e r  o f  1 9 9 3 . 
1 1 2 
